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In September of 1977, the Directorate of Aerospace Studies (DAS) undertook
an analysis to illuminate fundamental differences between manned and ground-
launched, recoverable unmanned airborne vehicle operations. The potential to
save operating and support (0&S) costs by storing unmanned vehicles and
removing them from storage when needed was found to be foremost among the
differences. However, the implications of such a difference were not obvious
and a detailed analysis was needed before they could be understood. It was
found that the biggest shortcoming £o such an analysis was the lack of a suit-
able unmanned vehicle cost methodology. This report documents the results of
the efforts of DAS to fill that void by systematizing the calculation of the
cost of doing a particular job with unmanned vehicles in a specified period of
time. The calculations are based on the most well-developed unmanned vehicle
operational concepts currently available. The methodology is unusual because
the specific nature of the job to be done by the unmanned vehicles is not of
concern. Only the number of sorties needed "on target" and the time to
generate them are important.

Many DAS participants supported this effort. The authors wish to acknow-
ledge Richard H. Anderson for the development of the effectiveness equations;
Lt Col Winston M: Boyer and James H. Suttle for the development of the cost
equations; Captain David K. Forbes for programming assistance; and Dr
Kenneth W. Smith for his overall guidance and critical review.
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1. INTRODUCTION

The prediction of costs of future manned aircraft operations, including
the personnel, equipment, and facilities required is a procedure backed by
decades of experience. The situation for costing future ground-launched,
recoverable unmanned vehicle operations is quite different. While a minor
amount of experience exists for unmanned vehicle programs based on the Viet
Nam conflict and the on-going COMBAT ANGEL program at Davis-Monthan Air Force
Base, there is not a generally accepted costing methodology for unmanned
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vehicles. This is especially true for operations involving large numbers of
vehicles for no experience exists in this area. This situation has made a
meaningful cost comparison between manned and unmanned vehicles virtually
impossible.

In an attempt to rectify this shortcoming for a manned/unmanned vehicle
operational comparison, the Directorate of Aerospace Studies {DAS) developed
the effectiveness and costing methodology of the COEFUV (COst EFfectiveness of
Unmanned Vehicles) model. The effectiveness methodology addresses a fundamen-
tal operational difference between manned and unmanned vehicle operations --
the ability to store unmanned vehicles for long periods of time prior to their
use. The costing methodology represents an extensive application of analogy
and first order analysis to determine from the most detailed unmanned vehicle

operational concepts available the nature of the factors determining unmanned

vehicle operational cost. For the costing, the following areas were identi-
fied as being characteristic of unmanned vehicles:

1. Vehicle Acquisition.
2. Operating Location.
3. Launch,

4. Recovery.

5. Maintenance.

6. Operations

7. Storage.

8. Training.

b




Figure 1 shows the fundamental relationship between model inputs, the
effectiveness methodology, the costing methodology, and the final product
which the model delivers.

The effectiveness and costing relationships for the COEFUV model are dis-
cussed in sections 2 and 3, respectively. Section 2 presents a set of equa-
tions which relate the mission to be accomplished by the unmanned vehicles,
the time available to do the mission, and the number of vehicles required.
Section 3 presents the costing equations developed by DAS for the eight cost
areas mentioned previously. An equation for each area is given with the defi-
nition of each symbol, including the proper dimensions to avoid ambiguity. A
brief discussion of each equation is also included.

The executive routine of COEFUV is built around the equations of sec-
tion 2. The COST subroutine evaluates the equations of section 3 and the
INPUT subroutine handles all program input. Program inputs are discussed in
section 4. Section 5 illustrates typical inputs with some of the resulting
output. The report is concluded with an appendix containing a commented pro-
gram listing.




*3onpoad [apow feupy ayy pue i
*suorjenbo 150D pue SSOUDBALYD9LSD Y “SIndul Jofeu usamMlaq diysuoile)da syl "] dunbry

Ja19wesRg

v n
E

w

$ J
\
C

6 1

w f
"213 »

adA| uolSSIN i

. ajey 3Lydos |

-— 213 Kep ova abeaols woay J

POACIDA SI|IIYIA JO Jaquny

0130207 Buryeaadg jJo saquny 25°101S WOy .
SNOTLYNDT |t— sa3ey ouney SNOILYNDI PaAOUDA 3ae S3|ILYIA sAeg -

abed :

—AL [ P13LY] mwmuow_w.,:wo Jaqumn SSINIAILIFIAI qof op 03 aw | )

e o

ALLeL1ug mm._uu.:_o> J0 uaqumy uot31a33y 3t3e0S 3 buys

@—— sjU312143190) 150) SS3U3AL1334J3 3tI405 3|bus M p

ouop 9q 031 qop




2. THE THEORETICAL EQUATIONS

One of the fundamental differences between manned and ground-launched,
recoverable unmanned vehicle operations is the potential to keep unmanned
vehicles (U/V) in storage prior to the onset of hostilities and to retrieve
them from storage as desired. This possibility provides options for the use
of unmanned vehicles not available with manned vehicles. These options
basically may be characterized by the number of vehicles initially ready to
fly and the number initially in storage. The possible configurations run from
the extreme of all vehicles initially ready to all vehicles initially in
storage. The theory discussed below will treat the implications of these
various configurations to the cost of doing a specific task in a fixed time.
Two cases will be considered in the following discussion. They will be
denoted as the target rich (optimization) case and the constant level of
effort case. The computer code implements both.

To facilitate the presentation of the theory, seven basic quantities will
be defined initially.

E0 = the job (mission) to be done, consisting of E0 subtasks.
d0 = the number of days in which to do the E0 subtasks.

p = the expected number of the E0 subtasks done by each successful
unmanned vehicle sortie.

A = the single sortie attrition of the unmanned vehicles.
n = the number of vehicles to be retrieved from storage each day.
dS = the number of days vehicles are to be removed from storage.

r_ = the sortie rate maintained by a ready vehicle while it
survives.

With these definitions in mind, consider figure 2. Depicted heuristically in
this figure are several time histories of the number of the launches per day
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SORTIES LAUNCHED PER DAY

Curve a
A1l u/v ready at D = @

Curve d
Removal rate = 0 after pth day

Curve b
no u/v.:gggzgat D=0
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Figure 2, Examples of Time Histories of Launches per Day
Various Possible Operational Strategies

réquired in achieving Eo in do days. Curve 3 represents the situation of
all vehicles initia]ly ready. On the first day alj vehicles are launched ang
recovered ang relaunched repeatedly, ag fong as they survive,1 at the sortie
rate Fs+ On succeeding days, thig pattern is repeated, beginning the day

with the Previous day's survivors. Curve b represents the case
of the vehicles are initially ready; all are in storage with g p
each day. [p this case as time Progresses, more and more vehicl
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in which none
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It is obvious that each of these cases potentially has a different cost.

The different launch and recovery rates, storage retrieval rates, storage
costs, and so forth which are implied strongly indicate different system costs
because of differing requirements for personnel, equipment, and facilities.
Additionally, each different case will, in general, require a different total
number of vehicles with a different acquisition cost. The equations of this
section address the total vehicles required in storage (NS) and in readiness
(Nr) on the first day to do E0 in d0 days if n vehicles are retrieved

from storage each day for dS days, beginning the first day. Each ready
vehicle is assumed to maintain a sortie rate roe Equations giving the maxi-
mum required launch rate are also given.1

r'sds
1 E (1-P) r.(d-d)/f1-p
N = 0 S _ 4 + pS Os S (1)
r rsdo P .pP s S rs
1-p sl'r cl 1-p
s S
where
1/rS
PS = Pls Pslptlpc1P52Pt2pc2 = single sortie survival probability of a
vehic1e2
and
Pls = the daily probability that a vehicle on the ground or its
ground facilities are not destroyed.
Psl = conditional probability that a vehicle survives ingress area

defenses given that it reaches the ingress area defenses.

1. See Anderson, Richard H., The Effects of Force Augmentation on Launch Rate
and Force Size Requirements for Recoverable Vehicles, DAS-WP-/9-1, Directorate
of Aerospace Studies, Kirtland AFB, NM, Jan 1979, for a complete discussion of
the following equations.

2. The reference of footnote 1 does not consider terminal survival separately
from area survival in the definition of Ps, and also combines PclPC2=PC.

9




PSz = conditional probability that a vehicle survives egress area

defenses given that it reaches the egress area defenses.

Ptl = conditional probability that a vehicle survives ingress
terminal defenses given that it reaches the ingress terminal

defenses.

Pt2 = conditional probability that a vehicle survives egress
terminal defenses given that is reaches the egress terminal
defenses.

Pcl = conditional probability that a vehicle is not lost to a system
failure during ingress given that it does not abort and is not
destroyed by the ingress defenses.

PC2 = conditional probability that a vehicle is not lost to a system
failure during egress (= Pcl) given that it does not abort

and is not destroyed by ingress or egress defenses.

P = probability that a vehicle does not abort during ingres:.

In the computer code the values of PSl and P52 are calculated from
the input quantity PSS which represents the total mission attrition due to
area defenses. [t is assumed that ingress area attrition is twice egress area
attrition whence

p L -1 +V1 + 8 x PSS (2)

sl 2

Ps2 = —%_ (1+ Ps1) ¥

Similarly, P, and Pt2 are calculated from the input quantity TPS repre-

tl
senting total mission attrition due to terminal defenses.

10
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tl 2

=_]
Peo - (1+Pp,

n
PCl is assumed to be equal to Pc2' The product is input as PC.

The number of vehicles required in storage at the start of the war is

given by
d
S
1'P1s "
N, = n d 4
S S
(I-Pls)P]S

Finally, the maximum number of launches required on a single day is given
by

_ 1
max I-PS

—

.
Nr<1-955>f (5)

in the case that the removal rate from storage is less than or equal to the
critical removal rate associated with curve ¢ of figure 1, and by

i 1 rsds "s Y'Sds
bpax = T=P %Nr Ps ” (L= Py ) #ng(l- P77 (6)

S

otherwise. Unless raid size is a factor, the maximum required hourly launch

rate may be calculated directly from L by dividing by the number of hours

in an operational day. However, unmanggg vehicle employment tactics may
require the vehicles to be sent in raids of multiple penetrators. If the
launching of the vehicles in a raid is required to take place in a short
interval of time, then the implied instantaneous launch rate may exceed the
nominal hourly rate. In this case, the higher instantaneous launch rate will
be taken as the required hourly launch rate in the evaluation of the cost

equations of the next section.

32 s an AL



Using these equations, the model distinguishes two cases with regard to

the nature of Eo’ the job to be done. The first case requires only that
,Eo be done in d0 days. It represents a "target-rich" environment in which

a sortie on any day can accomplish p of the Eo subtasks. The second case
requires that Eo/do subtasks be accomplished daily for do days, i.e.,

the job to be done is constant. This second case is identically the critical
case associated with curve ¢ of figure 1. These classifications are not truly
representative of any mission, but they are a suitable approximation in most
instances. For example, strike of fixed targets is represented by the first
instance with EO representing the number of targets to be killed. Recon-
naissance of "located targets" is an example of the second situation. The
number ofltargets to be reconnoitered each day, Eo/do’ is approximately
constant.

2.1 THE CONCEPT AND EQUATIONS FOR COST OPTIMIZATION FOR THE TARGET RICH CASE

For the target rich case, given Eo, do,p s A, and rss there are as
many ways of performing E0 subtasks in do days as there are possible
choices of n and ds‘ Associated with each choice is a cost. For a given
value of dS the minimum cost can be found approximately by calculating the
cost associated with various values of n. Rather than input individual values
of n, however, the program automatically varies'n from the case of curve a
(a1l vehicles initially ready, n=0) to the case of curve b (no vehicles ini-
tially ready, n = nmax) in steps of 0.05 M max* The cost determination
is treated in the next section. The value of n can be found from equa-

max
tion (2) by equating the right side to zero. The result is

rsds
. Eo(l-Ps) .. Prs(do-ds) .1-PS -
max |sllricl s s 1-p s
S

The cost is also eva1ua€éd for n corresponding to the critical case {attrition
equal to removal rate). This value of n > Neps often gives the minimum

1. There is no reason to exceed the data reduction capabilities of the
intelligence system but there is always pressure for the maximum znount of
intelligence possible.

12
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r
cost. n.. may be found by multiplying equation (1) by (1-PSS), the
probability of loss of a ready vehicle on the first day assuming a sortie rate
of re- This gives the losses for the first day, which in the critical case

equals Nep* Solving the resulting equation for Nep gives

r
- Eo(l'Ps)(l'Pss) (8)

nCY'- Y‘ (d d)
(1 +dg - d.P, -PS $7)

sl r cl

2.2 THE EQUATIONS FOR THE CONSTANT LEVEL OF EFFORT CASE

Assuming the constant rate Eo/d0 subtasks each day, equation (1) is
simplified. This can most readily be seen by considering the job done the
first day, viz., EO/d0 = e, and setting d0 =1, Since g, can be
done without removing vehicles from storage, dS = 0 and

\ 1 geo (I‘Ps)g . 3 Ey1-P) i (9)
r l-PrS Pslr'cl l-PrS slPrPcldo
s s

In the constant rate case, equation (4) remains unchanged; however, the value
of nmust be calculated. Since the number of ready vehicles attrited is simply

Eo(l-Ps)

d

(10)
PPs1"r 1%

r‘S
= (1-P5)(N,) =

nCY‘

that many vehicles must be removed from storage each day. The same result is
obtainable from equation (8) by setting dS =d, - 1.

The equations presented allow the total vehicles required to do Eo in
do days to be determined by summing equations (1) and (4) or (9) and (4) in
the case of a constant daily job. Additionally, equations (5) and (6) give
the maximunm launch rate required which is equal to the maximum necessary
recovery rate. (Equal launch and recovery rates are desirable from common
sense arguments.) This information is necessary input to the cost equations
presented in the next section.

1314
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3. THE COST EQUATIONS

The COEFUV cost equations for unmanned vehicles are presented in this sec-
tion. These equations were developed at the Directorate of Aerospace Studies
to provide an orderly method for considering all cost elements associated with
unmanned vehicles. They are based on the ARPV operational concepts of Boeing
and Rockwell, but should be general enough to cover almost any cases of
unmanned vehicle operation. The eight areas considered for costing in the

model are:
1. Vehicle
2. Operating location (areas not specifically covered elsewhere)
3. Launch
4. Recaovery
5. Maintenance
6. Operations
7. Vehicle storage
8. Training

The general form of the equations describing the various areas are:

Vehicle:
COST = [ VEHICLES] + [SPARES] + [RDT&E] + [ PAYLOAD].

Operating Location:
COST = [SECURITY] + [PAYLOAD STORAGE FACILITIES] + [LOCATION START-uP].

Launch:
COST = [ PERSONNEL] + [ EQUIPMENT] +[RDT&E].

Recovery, Maintenance, Operations, Storage, Training:
COST = [ PERSONNEL] + [FACILITIES] + [EQUIPMENT] +[RDT&E].

15
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Each equation is presented below with a definition of each quantity
appearing in it. A1l equations are based on providing a 10 year cost for the
area in question. A very brief discussion of each equation is given to
provide assistance in understanding the basis of each term. For clarity and

brevity, the equations are presented with their original symbology. The vari-
able names assigned in the program are generally close derivatives of the
original symbol. Quantities expressing rates are indicated with a dot symbol-
izing a derivative. Quantities marked with asterisks are obtained from the
evaluation of the theoretical equations discussed in the previous section.
Quantities marked with + are calculated from other equations in the program.
The derivation of some of these gquantities are discussed. The notation[]+
designates the next greater integer. It 1is used in evaluating facility,
equipment, and personnel costs in those cases where the amount being purchased
must be treated in discrete units. It is part of the methodology of the pro-
gram to always buy complete equipment sets and facilities whenever a frac-
tional part is indicated. However, the corresponding fractional crews which
are indicated are not increased to the next whole crew, but the number of men
indicated by the fraction is increased to the next whole man.1 These

choices are not necessarily the most realistic in all situations, but they
represent a compromise which appears better than the a]ternatives.2 Al

costs are given in millions of dollars or millions of dellars per unit except
the mission payload storage cost which is given in dollars per pound.

A discussion following the presentations of the individual equations indi-
cates the method by which the final cost is assembled in the program.

1. This technique is exemplifed by
[(men/crew)(events/hr) + (events/hr/crew)]* =[men]*
rather than the alternative
(men/crew) [(events/hr) :(events/hr/crew)]* = (men/crew)[crews]*

2. If the crew sizes are small, the nature of the compromise is relatively
unimportant since it will not drive costs. If crew sizes are large, then
costs will be strongly affected by the compromise adopted, with the one selec-
ted seeming the most reasonable to the authors.

16




3.1 VEHICLE COSTS

k :
E ]
f Cyr = [VEHICLES] + [SPARES] + [RDTRE] + [PAYLOAD]
}, logy E
= INgCyr (Nyrt Neu ) 1992 | 4 10Nyt + 1Cyal  + 1CygNyatCy oo
{' VTOVIVVT TV V2©VT V3 V4 VT V5 )
}
where
Cv1 = theoretical first vehicle unit cost ($M). ]
CV2 = 10-year spare and special maintenance cost per vehicle
($M/vehicle).
’ C = RDTRE cost for vehicles (3M).
4 V3
Cv4 = recoverable payload cost per vehicle ($M/vehicle).
Cv5 = expendable payload cost per sortie ($M/sortie).
Eo = total number of successful events to be accomplished in dO

days (events).

Nyt = total vehicles purchased minus training vehicles (vehicles).
*NTV = number of training vehicles (vehicles).

Y = Tlearning curve slope.

+A = expected number successful events accomplished per sortie1

(events/sortie).

1. Xis derived from p (see section 2) by consideration of attrition.

17
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The first term of the vehicle cost equation gives the cost of the opera-
tional vehicles. It does not include the cost of the training vehicles which
are accounted for in the training costs. The per vehicle cost is based on a
log-linear cumulative average curve1 which gives the average cost of a

vehicle in a buy of x vehicles as

— b
Cn = ax (1)

where
x = total vehicles produced.
a = theoretical first vehicle unit cost.
_ log ¥ . .
b = ng‘f‘ where y is the slope of the learning curve

Total cost is generated by multiplying both sides of equation (1) by the
number of vehicles being costed, in this case the number of operating
vehicles. Note that the x of equation (1) includes the training vehicles
since the average cost is based on the total buy.

The payload term embodies the assumption that recoverable payloads are
purchased on a one-for-one basis with vehicles and that only enough expendable
payloads are purchased to do Eo'

1. A good discussion of learning curve theory is given in Boren, H. E., and
H. G. Campbell, Learning-Curve Tables: Volume I, 55-69 Percent Slopes, The
Rand Corporation, April 1970, RM-6191-PR,

TR 1
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3.2 OPERATING LOCATION COSTS

Csy

where

‘n

12
13
NsEC

LBS

[SECURITY] + [PAYLOAD STORAGE FACILITIES] + [START-UP]

E

0
[‘311"ssc] . [CIZMLssme,J ' [513]

10-year cost per man for security personnel including overhead
for command, support, and administrative personnel ($M/man).

10-year cost per pound for storing mission payload ($/1b).
initial cost to start-up one operating location {$M).
number of security personnel per operating location (men).
pounds of mission payload per sortie (1b).

total number of successful subtasks to be accomplished in d0
days.

expected number of successful events to be accomplished per
sortie (events/sortie).

The operating location costs are composed of costs not more appropriately
given in other categories. Each cost is on a per operating location basis.
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3.3 LAUNCH COSTS
c = [PERSONNEL COST] + [EQUIPMENT COST] + [RDT&E]
+ +

= C.S nLCLmax + nLCCLmax +
LIl s A

LC LCC

where

CLl = 10-year cost per man for launch personnel including
overhead for command, support, and administrative personnel
($M/man).

L4 4

CL2 = 10-year cost of ownership of a launcher including spares and
redundancy ($M/launcher).

CL3 = 10-year cost of ownership of launcher accessories including
spares and redundancy ($M/accessory).

CL4 = 10-year cost of ownership of a set of mobile launch handling
equipment including spares and redundancy ($M/mobile launch
handling equipment).

CLs = RDT&E cost for launcher equipment ($M). _
"¢ = number of people per launch crew (men/crew). {

‘ ﬁLC = Tlaunch rate per launch crew (vehicles/hr/crew). i
"ce = number of people per launch control crew (men/crew).

20
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= vyehicle control rate per launch control crew
(vehicles/hr/crew).

MLcc

s = number of launchers serviced by each set of launcher
accessories (launcher/accessory).

* Lmax = maximum required launch rate per operating location
(vehicles/hr).

ie = launch rate per launcher (vehicles/hr/launcher),

MHE = number of vehicles launched per hour per set of mobile launch
handling equipment (vehicles/hr/mobile launch handling
equipment).

+ S = number of shifts of launch personnel per day (shifts/day).
+ NOL = number of operating locations.

The equation for launch costs gives the launch costs per operating loca-
tion. The quantity CL5 representing the total RDT&E costs must consequently
be divided by the number of operating locations. It should be noted that S,
the number of shifts of launch personnel, is normally calculated as

S = max(1, TO/TS)
where

Ty = number of operating hours per day (input as TO)
and

T = number of hours per shift (input as TS).

21

¥,
‘
N
!
id
1
!
jt
+

T,




This formulation is correct in the case where maximum launch rate is
established by the job to be done, Eo.1 However, the maximum launch rate
may be established by the need to form a raid in a given time (see the defini-
tions of the inputs RAID and TMASS in section 4). In this case, the instan-
taneous launch rate required may be higher than the average launch rate
dictated by Eo. This causes the program to adjust T0 downward to account
for the higher launch rate. This adjustment is noted in the program output
and applies also to recovery and operations costing.

3.4 RECOVERY COSTS

CR = [PERSONNEL COST] + [FACILITY COST] + [EQUIPMENT COST] + [RDT&E]
. + . + .
CRIS ["Rcl'max] + ["RCCLmax] + CRZ[LmaX J +
fre Prec Fe
+ +
r .
,C [ max ] + C [Lmax] . [EBQ]
R3 o RA M N
L | Mrste RE oL
where
CRl = 10-year cost per man for recovery personnel including overhead
for command, support, and administrative personnel ($M/man).
Cro = 10-year cost of ownership of recovery area ($M/area).
CR3 = 10-year cost of ownership of recovery accessories including

spares and redundancy ($M/accessory).

1. For a job €y and a particular strategy of removing vehicles from storage
to do Ey in d days, there is a corresponding maximum number of launches
required on at Teast one day (see section 2, equations (5) and (6)).
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L ™

R4

R5

"Re

"Ree

"Ree

t NOL

10-year cost of ownership of mobile recovery handling

equipment including spares and redundancy ($M/mobile recovery
handling equipment).

ROT&E cost for recovery equipment (3M).

number of people per recovery crew {men/crew).
recovery rate per recovery crew (vehicles/hr/crew).
number of people per recovery contral crew (men/crew).

vehicle control rate per recovery control crew
{vehicles/hr/crew).

number of recovery areas serviced by each set of accesories
(recovery areas/accessory).

maximum required launch rate per operating location
(vehicles/hr).

number of vehicles per hour serviced per unit of mobile
hand1ing equipment (vehicles/hr/mobile recovery handling
equipment).

recovery rate per recovery area (vehicles/hr/area).

number of shifts.

number of operating Tocations.

As with launch costs, RDT&E recovery costs are input as a total cost and

must be divided by the number of operating locations so that they are reflect-
ed only once in the final recovery cost. A1l other aspects of recovery costs
are based upon meeting the maximum recovery rate.
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3.5 MAINTENANCE COSTS

where

M1

M2

M3

M4

1]

[PERSONNEL COST] + [FACILITY cOST] + [EQUIPMENT COST] + [RDT&E]
+ + +

oS [r MC'—max] N [nMCRRMRLmax] ] . ﬁ: [Lmax] ] '
M1™M M2 n
h N RF

MC MCR

L L c

ax 5
; ] +C[max]]+[M]
[ M3 [ "R M&| noe NoL

10-year cost per man for maintenance personnel which includes
an overhead factor for command, support, and administrative
personnel ($M/man).

10-year cost of maintenance facilities to maintain a given
launch rate per crew ($M/facility/crew).

10-year cost of turnaround equipment for a given turnaround
rate per crew, including spares and redundancy ($M/turnaround
equipment set/crew).

10-year cost of repair equipment to maintain a given repair
rate per crew, including spares and redundancy ($M/repair
equipment set/crew).

ROT&E cost for maintenance equipment ($/M).

number of people per turnaround crew (men/crew).

turnaround rate per turnaround crew (vehicles/hr/crew).

number of people per repair crew (men/crew).
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n = repair rate per repair crew (vehicles/hr/crew).

= numbe~ of vehicles/hr in repair serviced by repair equipment
set (vehicles/hr/repair equipment set/crew).

Nop = number of vehicles/hr handled per maintenance facility
(vehicles/hr/facility/crew).

NR = number of vehicles/hr in turnaround serviced by turnaround
equipment set (vehicles/hr/turnaround equipment set/crew).

* Lmax = maximum required launch rate per operating location

(vehicles/hr).

RMR = ratio of returning vehicles needing repair to total returning
vehicles.

&
SM = number of shifts of maintenance personnel.

pe T Ry BT

Maintenance personnel costs are based on the turnaround and repair
functions. Each vehicle recovered must be processed by a turnaround crew
before being sent out again. In addition, some vehicles must be repaired
before going through turnaround. The fraction of returning vehicles requiring
repair is given by RMR‘ The turnaround and repair functions involve
entirely different personnel. The quantity SM, the number of shifts of
maintenance personnel (turnaround and repair) required, is given by é

' ;
Sy = Tm/Ts R
where 5
Tm = Tength of a maintenance day in hours (input as T™). i

& and
Ts = number of hours per shift (input as TS). }
25
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Maintenance facility and equipment costs are based on the quantity of

f
facilities and equipment needed to handle the maximum launch rate. ]
‘ 3.6 OPERATIONS COST |
t
]
J C0 = [PERSONNEL COST] + [FACILITY COST] + [EQUIPMENT COST] + [RDT&E] |
. . . .
_ nOCTchax Lmax Lmax + C04
= {C.sS —_— + | Crol —= +]C — —
: - 01 A 02 0 03 0 NOL
; 0C F e
» where
C01 = 10-year cost per man for operations personnel which includes
an overhead factor for command, support, and administrative
personnel {SM/man).
C02 = 10-year cost of a unit of operations facilities ($M/facility).
:
603 = 10-year cost of a unit of operations equipment including
spares and redundancy ($M/equipment).
C04 = RDT&E cost for operations equipment ($M).
"oc = number of people per operations crew (men/crew).
ﬁOC = number of vehicles controlled simulataneously per operations
crew (vehicles/crew).
* Lmax = maximum required launch rate per operating location
(vehicles/hr).
ée = vyehicles/hr serviced per unit of operations equipment
{vehicles/hr/equipment).
6F = vyehicles/hr serviced per unit of operations facility

(vehicles/hr/facility).




-
1}

C average time a vehicle is controlled per sortie (hrs).

+ S number of shifts.

H

Each vehicle is controlled or monitored for a period after takeoff and
prior to landing. [t is the job of the operations personnei to perform this
function, and the number of people required to do this is used to determine
the total number of operations personnel. However, operations people also
perform other jobs such as mission planning which must be done in parallel
with the control. This fact must be refiected in Nocs the number of people
per operations crew.

As with launch, recovery, and maintenance costs, numbers of personnel,
facilities, and eguipment are determined by the maximum launch rate.

3.7 VEHICLE STORAGE COSTS

CS = [PERSONNEL COST] + [FACILITY COST] + [EQUIPMENT COST] +[RDT&E]
+
s [hsetsT ], | Ssavs, CsaMwi, [ s 7d.[Css
SIML a NoL NoL 1 a NoL
SC SC
where
CSl = 10-year cost per man for storage crew including overhead for
command, support, and administrative personnel {$M/man).
CS2 = 10-year cost of building to store one vehicle in the "not
ready" condition ($M/vehicle).
CS3 = 10-year cost of building to store one vehicle in the "ready"
condition ($M/vehicle).
CS4 = 10-year cost of mobile handling equipment including spares and

redundancy for one crew {$M/crew).
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Cs = RDT&E cost for vehicle storage ($M).
Nec = number of people per storage retrieval crew (men/crew).

ﬁSC - = removal rate from storage per storace retrieval crew
(vehicles/hr/crew).

* hs = required removal rate per operating location (vehicles/hr).
* NOL = number of operating locations.

* Nyg = total vehicles stored at all operating locations (vehicles).
* NVR = total vehicles in ready condition stored at all operating

locations (vehiclas).
+ SM = number of shifts of maintenance personnel.

The vehicle storage cost equation applies to a single operating loca-
tion. Costs are based on the maximum rate at which vehicles must be removed
from storage and the number of vehicles stored and ready in peacetime. The
most demanding requirement for people occurs when vehicles are being removed
from storage. Hence, this function drives the personnel cost. Facility cost
is dependent upon the cost of facilities required to maintain vehicles either
in storage or in a ready condition. Equipment cost like personnel cost is
driven by the maximum required rate of removing vehicles from storage.

3.8. TRAINING COST

"

[PERSONNEL COST] + [FACILITY COST] + [EQUIPMENT COST] +[RDTRE]

Cr

[CTlRAPTNPT + CTZPTNPT] + [COFFRAC] +

logy
[FRAC(C )TE%_ZJ + [Cg,]

Le ¥ CRe * Oue * Cog)  * Nyl Nyt + Nyy
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where

Cr3

Ce> Cree

OF

vl

FRAC =

PT

A

10-year cost per man for instructor personnel including
overhead for command, support, and administration ($M/man).

10-year cost per man for pipeline trainees including overhead
for command, support, and administration, plus the cost of

travel to training center and to theater ($M/man).

RDTRE cost for training ($M).

CME’ COE = cost of launch, recovery, maintenance, and

operations equipment per operating location (3$M).

cost of facilities for operations per operating location ($M).

first unit vehicle cost (SM).

ratio of training operating location manning to operating
location manning.

Tearning curve coefficient.

total number of mission personnel for launch, recovery,
maintenance, storage, and operations per operating location
(men).

number of training vehicles purchased (vehicles).

percent of total manpower in training at one time.

instructor/student ratio.

The training costs are based generally on the assumption that the train-
ing operation is a scaled down version of an actual operating location. This
is clearly seen in the facility costs and the first term of the equipment
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costs where a fraction of the corresponding operating location cost is used.
The fraction is simply the ratio of the number of people in training to the
number manning an operating location. The personnel cost is based on instruc-
tor personnel costs plus student personnel costs including travel. The number
of instructors is determined by the instructor/student ratio.

The number of training vehicles purchased is calculated from the equation

FRAC x L
M [1+10PLxTTxNEX1]
TV
where
* Lmax = maximum required Taunch rate per operating location
(vehicles/hour).
PR = probability that a vehicle does not abort due to a system
failure.
PL = number of training vehicles lost per hour of training vehicles
flight (losses/hour).
T = number of flying hours per training exercise (hours/exercise).
NEX1 = number of training exercises per year (exercises/year).

The 10 which appears accounts for the 10 years which are being costed.

An understanding of the training vehicle cost term may be obtained from the
discussion of the vehicle cost equation in section 3.1.

3.9 SYSTEM COST

A11 the cost equations except those for vehicle and training costs apply
to a single operating location. The system cost must take into account the
costs for all operating locations. The final cost equation becomes
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TOTAL COST = [VEHICLES] + NOL{[OPERATING LOCATION] + [LAUNCH] +
[RECOVERY] + [MAINTENANCE] + [OPERATIONS] + [VEHICLE
STORAGE]} + [TRAINING]

where NOL is the number of operating locations and the brackets indicate the
cost from the equations just discussed.




.

ok o

4. INPUT TO PROGRAM COEFUV

Input to program COEFUV is accomplished entirely by punched cards which
are handled by subroutine INPUT. Input cards fall into two groups: those
which result in numerical and alphanumerical data on the cards being assigned
to variables in the program, and those which control various aspects of pro-
gram flow with regard to input and output. The former group will be discussed

first. In a limited number of instances there will be an interdependence J
between cards of the two groups. These interdependences will be made clear in
the definitions of the input quantities. J

4.1 DATA INPUTS

A1l input to program COEFUV is based upon the function of individual
cards or groups of cards being specified by an alphanumeric identifier appear-
ing on the card or the first card of the group. For the data inputs being
discussed here, the identifier is used to associate the remaining data on the
card or the data on the following cards to the appropriate program variables.
This identifier begins in column 1 and is Timited to a maximum of 10 charac-
ters. It is usually identical to the name of the program variable to be
defined. If the input value appears on the card with the identifier, it is
read from an E20.8 field beginning in column 11. In those instances when the
input values appear on the following cards, the data is read with an 8F10.0
format if numeric and an 8Al0 format if alphanumeric.

The inputs constituting this group are defined below. Most of them are
related to the cost equations of section 3, a lesser number to the theoreti-
cal equations of section 2. In a few cases, the inputs relate to yet other
aspects of the program. The use of this last group of inputs should be clear
from the definitions. The default value of all numerical data quantities is
zero. The case title is preset to blanks. The order of these cards in the
input deck is arbitrary except for the associated groups of cards which must
appear together in the proper order.

CIl 10-year cost per man for security personnel including overhead
for command, support, and administrative personnel ($M/man).
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CI2

CI3

cLl

CL2

CL3

cL4

CL5

cM1

cM2

CM3

cma

CM5

10-year cost per pound for storing mission payload ($/pound).
Initial cost to start up one operating location ($M).

10-year cost per man for launch personnel including overhead
for command, support, and administrative personnel ($M/man).

10-year cost of ownership of a launcher including spares and
redundancy ($M/launcher).

10-year cost of ownership of launcher accessories including
spares and redundancy ($M/accessory).

10-year cost of ownership of a set of mobile launch handling
equipment including spares and redundancy ($M/mobile launch
handling equipment).

RDT&E cost for launcher equipment ($M).

10-year cost per man for maintenance personnel including
overhead for command, support, and administrative personnel
($M/man).

10-year cost of maintenance facilities to maintain a given
launch rate per crew ($M/facility/crew).

10-year cost of turnaround equipment for a given turnaround rate
per crew including spares and redundancy ($M/turnaround
equipment set/crew).

10-year cost of repair equipment to maintain a given repair rate
per crew including spares and redundancy ($M/repair equipment

set/crew).

ROT&E cost for maintenance equipment {$M).
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col

€02

co3

co4

CR1

CR2

CR3

CR4

CRS

csl

£s2

cs3

cs4

CsS

10-year cost per man for operations personnel including
overhead for command, support, and administrative personnel
($M/man).

10-year cost of a unit of operations facilities ($M/facility).

10-year cost of a unit of operations equipment including spares
and redundancy ($M/equipment).

RDT&E cost for operations equipment (3$M).

10-year cost per man for recovery personnel including overhead
for command, support, and administrative personnel ($M/man).

10-year cost of ownership of recovery area ($M/area).

10-year cost of ownership of recovery accessories including
spares and redundancy ($M/accessory).

10-year cost of ownership of mobile recovery handling equipment
including spares and redundancy ($M/mobile recovery handling
equipment).

RDOTRE cost for recovery equipment (3$M).

10-year cost per man for storage crew including overhead for
command, support, and administration ($M/man).

10-year cost of building to store one vehicle in the "not ‘
ready" condition ($M/vehicle). X

10-year cost of building to store one vehicle in the "ready"
condition ($M/vehicle).

10-year cost of mobile handling equipment including spares and ]
redundancy for one crew ($M/crew). |

RDT&E cost for vehicle storage ($M).
35
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tnm

CT2

CT3

V1

cv2

cv3

cv4

Cvs

DS

EO

GAMMA

10~-year cost per man for instructor personnel including over-
head for command, support, and administration ($M/man).

10-year cost per man for pipeline trainees including overhead
for command, support, and administration, plus the cost of
travel to training center and theater ($M/man).

RDT&E cost for training ($M).

Theoretical first vehicle unit cost ($M).

10-year spare and special maintenance cost per vehicle
($M/vehicle).

RDT&E cost for vehicles ($M).

Recoverable payload cost per vehicle ($M/vehicle).

Expendable payload per sortie ($M/sortie).

For the cost optimization case, the number of days in which to
accomplish EQ. For the constant level of effort case, the
total number of days during each of which EO is to be accom-
plished.

The number of days unmanned vehicles are removed from storage.
For the cost optimization case, the total number of subtasks to
be dealt with in D days. For the constant level of effort

case, the total number of subtasks to be dealt with each day.

Learning curve slope for the vehicle cost equatian.
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INNER

LDOTE

MHE

MINL

MLBS

MLOL

MRE

NDOTLC

NDOTLCC

NDOTMC

NDOTMCR

NDOTOC

Follows a CHGD, CHGDS, CHGEQ, CHGA, or CHGRHO card to designate
that 0, DS, etc., is to be varied in the inner program loop.
The number in the data field defines how many values (% 50)of
the variable are to be read from the following cards with for-
mat 8F10.0. (See discussion of CHGD in section 4.2 also.)

Launch rate per launcher (vehicles/hour/launcher).

Number of vehicles launched per hour per set of mobile launch
hand1ing equipment (vehicles/hour/mobile launch handling equipment).

The minimum number of operating locations allowed by con-
straints external to the program, e.g., geographic constraints.

Pounds of mission equipment per sortie (pounds).

Maximum allowable Taunch rate per operating location based on
considerations exterior to the program (vehicles/hour).

Number of vehicles per hour serviced per unit of mobile
handling equipment (vehicle/hour/mobile recovery handling
equipment).

Launch rate per launch crew (vehicles/hour/crew).

Vehicle control rate per launch control crew
(vehicles/hour/crew).

Turnaround rate per turnaround crew (vehicles/hour/crew).
Repair rate per repair crew (vehicles/hour/crew).

Number of vehicles controlled simlultaneously per operation
crew (vehicles/crew).
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NDOTRC

NDOTRCC

NDOTSC

NEX]

NI

NLC

NLCC

NLS

NMC

NMCR

NO

NOC

NRC

NRCC

NRE

Recovery rate per recovery crew (vehicles/hour/crew).

Vehicle control rate per recovery control crew
(vehicles/hour/crew).

Removal rate from storage per storage retrieval crew
(vehicles/hour/crew).

Number of full scale training exercises per year.

Number of inner loop variations. (See discussion in section
4.2 also.)

Number of people per launch crew (men/crew).

Number of people per launch control crew (men/crew).

Number of launchers serviced by each set of launcher acces-
sories (1aunchers/accessory).

Number of people per turnaround crew (men/crew).

Number of people per repair crew (men/crew).

Number of outer loop variations. (See discussion in section
4.2 also.)

Number of people per operations crew (men/crew).

Number of people per recovery Crew (men/crew).

Number of people per recovery control crew (men/crew).

Number of vehicles per hour in repair serviced by a repair
equipment set (vehicles/hour/repair equipment set/crew).
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NRF

NRS

NSC

NSEC

NTR

ODOTE

0DOTF

OUTER

PC

PL

PLS

PR

Number of vehicles per hour handled per maintenance facility
(vehicles/hour/facility/crew).

Number of recovery areas serviced by each set of accessories
(recovery areas/accessory).

Number of people per storage retrieval crew (men/crew).
Number of security personnel per operating location (men).

Number of vehicles per hour in turnaround serviced by a turn-
around equipment set (vehicles/hour/equipment set).

Number of vehicles per hour serviced per unit of operations
equipment (vehicles/hour/equipment).

Number of vehicles per hour serviced per unit of operations
facility (vehicles/hour/facility).

Follows a CHGD, CHGDS, CHGEQ, CGHA, or CHGRHO card to designate
that D, DS, etc., is to be varied in the outer program loop.
The number in the data field defines how many values ( <50) of
the variable are to be read from the following cards with for-
mat 8F10.0. (See discussion of CHGD, etc., in section 4.2
also.)

Probability that a vehicle is not Tost on 'a mission due to a
system failure. Contrast with PR.

Training vehicles lost per hour of training vehicle flight.
Prelaunch survival probability per day.

Probability that a vehicle does not abort due to a system
failure. Contrast with PC.
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PSS

PT

RA

RAID

RDOTE

RHO

RMR

RS

TC

TCYCLE

TITLE

TMASS

Total ingress/egress probability of survival relative to area
defenses. Note that if attrition is being varied under control
of CHGA that PSS has no effect. Both area and terminal attri-
tion are contained in the values following CHGA.

Percent of total operational manpower in training at one time.

Instructor to student ratio used in training costing.

For the cost optimization case, the desired raid size; auto-
matically set to one for the constant level of effort case.

Recavery rate per recovery area (vehicles/hour/area).

The number of subtasks dealt with by a single sortie given that
it arrives "on target."

Ratio of returning vehicles needing repair to total returning
vehicles.

Vehicle sortie rate (sorties/day).

Average time an unmanned vehicle is under control of an opera-
tions controller (hours).

The number of training cycles per year.

Case title. The following card contains the case title which
will be read with an 8Al0 format.

Length of a maintenance day (hours).

The time required to assemble a raid of unmanned vehicles into
a group of size RAID (hours).
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TO The length of the operational day {hours).

TPS Total ingress/egress probability of survival relative to termi-
nal defenses. Note that if attrition is being varied under
control of CHGA that TPS has no effect. Both area and terminal
attrition are contained in the values following CHGA.

TS Length of a work shift (hours).
TT Length of a full scale exercise (hours).
TYPE = 1 for the cost optimization case; = 2 for the constant level

of effort case.
4.2 CONTROL INPUTS

The control inputs determine printing options, indicate the end of input
for cases and for the run, and in five instances specify input options. As
with the data inputs, the function of the card is determined by the alpha-
numeric identifier appearing left justified in columns 1-10. However, unlike
the data cards, no other data is associated with the identifier. A1l but the
ENDCASE and ENDJOB identifiers are used to set the values of logical variables
witnin the program. The identifiers occur in pairs with one used to set a
variable true and the other false. Five pairs of control inputs are used to
specify different printing options. These options are illustrated in section
5 which shows a sample input deck and the corresponding output with all pos-
sible print statements employed. Five other pairs of identifiers are used to
alter the usual input method for the data inputs D, DS, EQ, RHO, and PSS (see
definitions above).

D, DS, €0, RHO, and PSS are the pivotal parameters for investigation once
the cost inputs have been determined. They may be entered as normal data
inputs as discussed earlier, or they may be input as a series of values by use
of the CHGD, CHGDS, CHGEO, CHGRHO, or CHGA cards in conjunction with the INNER
and OUTER data cards also defined above. When this option is chosen, the pro-
gram user may input up to 50 values of one or two of the five inputs at once.
These values are then selected sequentially in the program by two do-loops,
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one parameter per do-loop. One do-loop is logically within the other and
hence called the inner loop. The program logic is executed once for each
value of the parameter assigned to the inner loop. If a parameter is also
assigned to the outer loop, the inner loop is completely executed for each
value of the outer loop parameter. Thus, if m values of the inner loop para-
meter are input and n values of the outer loop parameter are input, m times n
cases will be evaluated. Return to normal input is achieved by using the
CONSTD, CONSTDS, CONSTEO, CONSTRHO, and CONSTA cards.

CHGA Causes the logical program variable CHGA to be set true, which
in turn a.ters the method of inputing PSS. CHGA is false by
default. See the discussion in the text above. {See also
CONSTA.)

CHGD Causes the logical program variable CHGD to be set true, which
in turn alters the method of inputing D. CHGD is false by
default. See the discussion in the text above. (See also
CONSTD.)

L2 TN

CHGDS Causes the logical program variable CHGDS to be set true, which
in turn alters the method of inputing DS. CHGDS is false by
default. See the discussion in the text above. (See also
CONSTDS.)

CHGEO Causes the logical program variable CHGED to be set true, which
in turn alters the method of inputing EO. CHGED is false by
default. See the discussion in the text above. (See also CONSTEQ.)

CHGRHO Causes the logical program variable CHGRHO to be set true,
which in turn alters the method of inputing RHO. CHGRHO is
false by default. See the discussion in the text above. (See
also CONSTRHO.)

CONSTA Causes the logical program variable CHGA to be set false, which
in turn alters the method of inputing PSS. CHGA is false by
default. See the discussion in the text above. (See als:
CHGA.)
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CONSTD Causes the logical program variable CHGD to be set false, which

in turn alters the method of inputing D.

CHGD is false by

| default. See the discussion in the text above. (See also CHED.)

r
i CONSTDS  Causes the logical program variable CHGDS to be set false,

CHGDS. )

CHGEO.)

also CHGRHOQ.)

to be printed for each case.
also NODATA.)

DEBUG is false by default.
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which in turn alters the method of inputing DS. CHGDS is false
by default. See the discussion in the text above. (See also

CONSTEO  Causes the logical program variable CHGEQ to be set false,
which in turn alters the method of inputing E0. CHGEQ is false
by default. See the discussion in the text above. (See also

CONSTRHO Causes the logical program variable CHGRHO to be set false,
which in turn alters the method of inputing RHO. CHGRHO is
false by default. See the discussion in the text above. (See

COSTS Causes the logical program variable COSTS to be set true, which
in turn results in the cost subroutine being exercised and the
results printed. COSTS is true by default. {(See also NOCOSTS.)

DATA Causes the logical program variable DATL to be set true, which

in turn causes the inputs discussed in the previous subsection
DAT1 is true by default. (See

DEBUG Causes the logical program variable DEBUG to be set true, which
in turn results in the printing of various intermediate results.
(See also NODEBUG.)

ENDCASE The last card of each case; used to terminate input for a case.

ENDJOB The last card of a data deck; used to terminate a run.
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NOCOSTS

NODATA

NODEBUG

NOPRINT

PRINT

PRINTOFF

PRINTON

Causes the logical program variable COSTS to be set false,

which in turn suppresses cost output. COSTS is true by
default. (See also COSTS.)

Causes the logical program variable DAT1 to be set false, which
in turn suppresses printing of the inputs discussed in the pre-
vious subsection. DATl is true by default. (See also DATA.)

Causes the logical program variable DEBUG to be set false,
which in turn suppresses the printing of various intermediate
results. DEBUG is false by default. (See also DEBUG.)

Causes the logical program variable PRINT to be set false,
which in turn causes the suppression of printing of results for
each value of ONS in the cost optimization case. PRINT is true
by default. (See also PRINT.)

Causes the logical program variable PRINT to be set true, which
in turn causes the printing of results in the cost optimization
case for each value of DNS. PRINT is true by default. (See
also NOPRINT.)

Causes the logical program variable PRTOFF to be set true,
which in turn causes the suppression of printing of various
intermediate results. PRTOFF is false by default. (See also
PRINTON. )

Causes the logical program variable PRTOFF to be set false,
which in turn causes the printing of various intermediate
results. PRTOFF is false by default. (See also PRINTOFF.)




5. SAMPLE INPUTS AND OUTPUTS

This section illustrates some examples of program input and output to
assist the user. Pages have been reproduced from a sample cost optimization
case (TYPE=1) in figures 3-7 and a sample constant level of effort case i
(TYPE=2) in figures 8-11. ’

Fiqure 3 shows the input values as printed by the program. Inputs
are organized by category for easy reference. The symbols < and I®are used
to indicate (1) whether or not specific variables were defined for this case
(a corresponding input card actually read) or (2) whether the variable has not
been defined at all. The absence of either symbol indicates it was previously
defined for another case. This page is printed unless a NODATA card has been
read.

Figure 4 shows a summary of some important inputs as well as some inter-
mediate calculations. The name of the output-controlling Togical variables are
identified in the figure. The variables associated with the DEBUG controlled
printout are not discussed in this report. Figure 5 similarly shows the results
of intermediate caiculations including some designed for debugging. The logical
variables controlling the printing of this information are also shown in the
figure. Note that the maximum launch rate in this case is determined by the
raid size requirements rather than the total launches required per day. The
output page depicted in figure 5 immediately precedes the output page depicted
in figure 6.

Figure 6 shows one of the pages of intermediate cost results given for
various values of n, the retrieval rate of vehicles from storage. This page
illustrates the retrieval rate value giving the minimum total cost for doing
the input specified job (kill 3000 targets in 15 days). Although not indicated J
in figures 5 or 6, this retrieval rate corresponds to the critical retrieval |
rate, nep. The cost breakout lists all eight cost areas discussed in section 3.
The printing of this page is controlled by the logical variable PRINT.

Figure 7 presents the results for the most cost effective option.

45 !




The last four figures, 8-11 show similar pages from a TYPE=2 case, the
constant level of effort case. For this case there is only one possible
retrieval rate, hence only ane set of cost figures. Print options are similar
to a TYPE=] case, although there are no DEBUG controlled outputs for a TYPE=2
case.
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APPENDIX

PROGRAM COEFUV (INPUT,OUTPUT)

THIS PROGRAM IS USED TO COMPUTE THE SYSTEM OF U/V RFGUIRED TO MEET
A SPECIFIC EFFECTIVENESS AND THEN TO COMPUTE THE C05T GF THE SYSTE
M RASED ON ODIFFERENT CONCEPYS OF OPERATIONS

THE SPECIF1C EFFECTIVENESS OF THE UV FORCE CAN BE CRA?ITESIZED 8Y
THE FOLLOWING

TYPE = (1=STRIKE),(2=FECCE}, {3=DEFEMSE SUPPPESSIOM:

E0sTOTAL EFFECTIVENESS REQUIREN WRICH DEPINDS ON VHE “ISSION

TYPE

RHOanNUMBER OF TA5KS ANCOMPLISHED PER SUCCESSFUL SCRTIE

PSSagINGLE SORTIE SURVIVAL PROBABILITY OF AN U/V

RAID = RAID SIZE

RS = INNIVIDUAL VEHICLE SORTIE RATE

0 = NUMBER OF 0QAYS AVAILABLE TO ACCOMPLISH MISSION

IMPLICITREAL (L eMsN)

INTEGER MULTsNOL

INTEGER NOINT..

COMMON /CHANGE/ NOsVARYO(S0)NIsVARY (S0)

COMMON ZINPUTS/ TYPEGENsDeDSsRHOIRAIDIRSsTOs TS e TMy THHASSHM

ILOU sMIMLDUML (7) 9PRPLSIPCHPSSHTPS+DUM2 (1S) s CLT1sCL29CLIsCL
249 CLBNLCNDOTLCIHNLCCHNDOTI CCoLNOTE sNLSWMHEDUMI (3),CR1yCR2yCR
33+CRL9CRSWNRCINDOTRCIyNRCCINDOTRCCHRDOTE +NRSyMRE»NUMG (3) 4+ CO01,CO
42sNOCINDQTCCITCoCO39s0DOTE«ODOTF «CO4 2 RUMS (1) s CMY1 9CM2yCM3 9 CMAINMC N
SDOTMCINTRGNRE +NRF ¢ RMR yNMCR yNDOTMCR 9 CMS 9 NUMB(T7) 9 CS14CS52+CSI9CShy
SNSCINDOTSCCSSsOUMT(3)sCI1+CI2sCI3 o NSECIMLBS1DUMS(S) 9CT1sCT29RAWPT
TePLsTTINEXIsTCYCLE sCT34DUMG(A) sCVI+CV29CV3IsCVL9CYS,GAMMALDUMLO (&)
COMMON /WORKER/ PC14PS1yPSTINNS NVRINVSINYT4SLAYGeSILMAX,SLRINO

1L 2 LAMDA » SI_e SLRMAX

COMMON /RESULT/ FOLXKS(B+S542) EQAUIP(845:2)+FACIL{845,2)

COMMON /HEADER/A TITILE(R)+TODAYSCLOCK, [TCR8

COMMQON /SWITCH/ PRINTZCOSTSsNEBUGNATI s CHGD 9 CHGDS » CHGRHO , CHGED» CHG
1A3PRTOFF 400 +00S+ORHOIOEDICA» TD IDSH IRHOH IED, TA

LOGICAL 0ON»0DSsORHOINEC,0ALID+ IDSy IRHOSIEOSIA

LOGICAL PRINTICOSTS.DEBUGYDATIL

LOGICAL CHGNeCHGDNS yCHGRHO 4CHGED 4 CHGA9PRTOFF

DIMENSION ST(20)s FOLKM{895+2)9 EQUIMIRIS2) s FACIM(B845Se2)

NOzN1l=)
CALL INPUT

CONTROL SwITCHES - CONTROL PRINTER SELECTIONS

SWITCH PRESFET CONTROLS

1
{
!
t
¥
'




PRINT ON PRINTING OF RESULTS AT EACH DNS ITERATION

c
C .
C COSTS ON CALLS TO SUAROUTINE COST
c
c DERUG OFF PRINTING OF INTERMEDIATE CALCULATIONS
C
c 0ATY ON PRINTING OF VALUES IN COMMON /INPUTS/
c
c PRTOFF OFF SUPPRESSES INTERMEDIATE OyTPUT
c
IF (PRTOFF) GO TO 20
PRINT 350, TITLE»TODAY,CLOCK,,RS
C
c CALCULATE RAID LAUNCH RATE
c

20 CONTINUE
SLR=RAID*T0O/ (PR4TMASS)
SLRMAX=RATD/ (TMASS*PR)
IF (SLRMAX.LE.MLOL) GO 10 30
PRINT 360, SLRMAX,MLOL
GO TO }o
TYPE = (1=COST OPTIMIZATION), (2xCONSTANT LEVEL OF EFFORT)
CALCULATE' PROBABILITY OF SUCCESSFUL LAUNCH

P

30 PC1=SQRT(RC)

ot ez N e

CALCULATE INGRESS SURVIVAL PROBABILITY
PS1=(SQRY (1.0+8.09PSS)=1.0)%0.5

TERMINAL SURVIVAL IS TPSs INGRESS TERMINAL SURVIVAL IS TPS1
TPS1=2(SORT(1.0+8+.0%TPS)=1,0)#0.5

TOTAL TNGRESS SURVIvaAL
PS1=PS1*Tp51

CALCULATE OVERALL MISSION SURVIVAL PROBABILITY
PST=RC#PSSHP S#e (] ,0/RS)

TOTAL SURVIVAL CONSIDERING TERMINAL DEFENSES

PST2PSTeTpPS

SET UP LOOP ON VALUE TO RE VARIED

OO0 OO0 OO0 OO0 OO0 OO0 OO0

IF (PRTOFF) PRINT 620

57




aan

AAOOHO O aan QOO

(2 X 2Xe}

40
S0

60

760

IF (CHGO) OSAVE=0S

SET UP QUTER AND INNER 1.00PS
OUTER LOQOGP
DO 340 X2=z1+NO
IF (CHGD.AND.OD) D=VARYO(K2)
IF (CHGD.aND.OD) PRINT 640, D
IF (CHGDS.AND.ODS) DS=VARYDI(K2)
IF (CHGDS .AND.ODS) PRINT 4S0. DS
IF (CHGRHN (ANDORHO) RHO=VARYO (K2)
IF (CHGRHDJANDNDRHO) PRINT 6KA0s RHO
IF (CHGEQ.AND.QEQ) FO=VARYQ(K2)
IF (CHGEO.AND.OEOQ) PRIMT 670, EO
IF (CHGA,AND.OA) A=VARYO(K2)
IF (CHGALANDOA) PRINT 680, A

INNER L0QOP

IF (PRTOFF) PRINT 620
DO 330 Kl=1sNI

IF (CHGD.AND.ID) 0=VvARY (K1)

IF (CHGDS.AMD.IDS) DS=VARY(X1)

IF (CHGRHO.AND.IRHO) RHO=VARY (K1)
IF (CHGEO,AND.IEQ) EO=VARY (K1)

IF (CHGA.AND.IA) A=VARY(K])

CHECK FOR VARY ATTRITION
IF (CHGA) 40,50 .
PS13SART((1.0+8.0#PSS)=1.0)%,5
PST=PCePSS*PLS##(]1.0/RS)
CONTINUE
TEST FOR MISSION TYPE

GO TQ (604150)TYPE
1177772777277 72777777777
/ COST OPYIMIZATION /
/////(/////////////////
CONTINUE
IF (PRTOFF) GQ TO 70
PRINT 1370
PRINT 380, EOQsDsRS+PC1+PSS,PS]1sPST+RHO,RAID
CONTINUE
CALCULATE BOUNDS ON NS NS MAX AND NS CRITICAL

POK=1,0-PST
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PSTRS3PSTu#RS

PSTRSD=PSTS# (RS®0D)

PSTRSDSaPSTe## (RS®DS)

PSRSODS=PST## (RS* (0~DS))

FPLSDS=PLSe*DS !

LAMDA=RHO#PS 1 #*PR¥PC]

SL=EQ/LAMDA

IF (DEBUG) PRINT 390y POK+PSTRSPSTRSD1PSTRSOS+PSRSPOS+PLSOSsLAMDA
1sSL

ONSMAX= (EQ®POK/LAMOA) / (DS~PSRSDOS* (1.0~-PSTPSNS)/(1,0-PSTRS))
DONSC=EQ#P0oK# (1 ,0=-PSTRS)/{LAMDA#*(]1,0+0S~DS¢¥PSTRS=-PSRSDDS))

IF (PRTQFF) GO T0 8¢

PRINT 400« NNSMAX,DNSC

80 CONTINUE

SETUP LOOP ON NS

IF (PRINT) PRINT 410

CTMIN=1.0£100

TNS=ONSMAX/2040

ONS=0.

DNSLAST=0ONS

MULT=0

DO 140 ITERB=1,22

ONS=MULT#TNS

IF (DNSLAST.LT.DONSC.AND.DONS.GT.ONSC) GQ TO 90

IF (PRINT)Y PRINT 420y TITLE+TODAYsCLOCK+ONS

MULT=MULT. L .

GO TO 100
90 ONS=0ONSC

IF (PRINT) PRINT 430s TITLEsTODAYs»CLOCKsONS
100 CONTINUE

CALCULATE NVSsNVRINVT

NVR=EO#POK/ (LAMDA® (1 ,0=PSTRSN) ) = {0S~PSRSDOS#(1.0=~PSTRSOS)/ (1.0~PST
1RS) ) #0ONS/ (1..0=PSTRSN)

IF (PLSeFN.1.0) NVS=DONS®0S

IF (PLSNE.1.0) NVS=ONS#(},0-PLS0S)/ (PLSDS*(1,0=PLS))

NVT=NVR+NVS

CALCULATE LAUNCH RATE AVERAGE MAXIMUM AND MAXTMUM

IF (DNS.GT.DNSC) GO TO 119
SLAVG=NYR2 {1 .0=PSTRS) /POK
GO TQ 120

110 SLAVG=NVR#PSTRSDS
SLAVG=SLAVG+*ONS#* (1 .0~-PSTRSDS)/ (1+0=-PSTRS)
SLAVG=SLAVG® (1 .0=PSTRS) /POK

120 SULMAX=AMAX1 (SLAVGSLR)
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IF (DERUG) PRINT 440, NYTsNVSsNVRySLR+SLAVGsSLMAX

COMPUTE COSTS

IF («NOT.COSTS) GO TO 46
CALL COST (TOTAL)

STORE DATA

IF (TOTAL.GE.CTMIN) GO 71O
CTMIN=TOTAL

ST(Y)31TERS

ST(2)=70TaAL

ST (3)=0NS

ST (&) aNVT

ST(5)=aNVR

ST (6)=NVS

ST(7)Y=SLAVG

ST(8)=SLMAX

ST(9)=SLR

ST(10)aNoL

DO 130 I=y,8

00 130 J=),S

00 130 K=y,2
FOLKM(T9J,,K)=FOLKS(TsJsK)
EQUIM(T9J,K)ISEQUIP(TyJsK)
FACIM(TyJ,KI=FACIL(T,Jd,K)
ONSLAST=0MS

149

THE MOST COST EFFECTIVE SYSTEM IS

IF (.NOT.COSTS) GO TO 10
GO TO 269

L2127 2727772202727227722227227777
/ CONSTAMT LEVEL OF EFFORT /
2177777270777 77722277277277/77777

CONTINUE

ITERS=]

SAVRATD=RAID

RAID=1.0

IF (PRTOFF) GO TO 160
PRINT 450 '
CONTINUE

CALCULATE CRITTCAL REMOVAL RATE ( DNSC )

PST=PSS#PCHP S*## (] ,0/RS)
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170

180

190

200

210

TOTAL SURVIVAL ﬁONSIDEPING TERMINAL DEFENSES

PST3RST*TpPS
PS12(SART (1.0+8.0¥PSS)~=1.0)%0.5

INGRESS SURVIVAL CONSIDERING TERMINAL OEFENSES

PS1=PS18#TpPS1

IF (CHGA) 170s180

PSS5=1-A
PS1=(SART(1e0+8.0#PSS)1=1,0)%045
PST=PSS%PC#PLSH# (] ,0/RS)

CONT INUE

POK=1.0-PST
LAMDA=RHO#PS]#PR*PC]

DS=D-1.0

PSTRS=PST##RS

PLSDS=PLS##0S

SL=EN®*D/LAMDA

IF (PRTOFF) GO TO 190

PRINT 460, EO09DsRSsPCl. PSS,PSI-PST.RHO,RAID
CONTINUE

ONSC=EQ*POK/LAMOA v

IF (PRTOFF) 6O TO 200

PRINT 470, DNSC

CONT INUE

CALCULATE THE (LAUNCH RATE AVERAGE MAXIMUM AND MAXIMUM
FOR THE RECCE MISSION SLR AND SLAVG ARE CONSTANTS

SLAVG=EQ/1.AMDA

SLR=0

SLRMAX=Q

SLMAX=SILAVG

ONS=DNSC

IF (PRINTY PRINT 420, TITLEsTODAYsCLOCKIONS

CALCULATE NVSe NVR» NVT

NVR=EO*POK/ ((1.0=-PSTRS) #LANDA)
NVS=ONS#(1,0=PL.SDS) / (PLSDS#(1.0-PLS))
NVTsNVR eNVS

IF («NOT,PRINT) GO TO 210

PRINT 440, NVTsNVSIMVRySLRy»SLAVGsSLHAX
PRINT 280

COMPYUTF COSTS

IF (.NOT.COSTS) GO TO 230
CALL CNST (TOTAL)
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260

STORE DATA

CTMIN=TOTAL

ST(1)=ITERS

ST(2)aT0TAL

ST (3)Y=0ONS

ST (4)=NVT

ST (S5)=aNVR

ST(&)=NVS

ST(7)=SLAVG

ST {8)=SLMAX

ST(9)=SLR

ST(10)=NaL

00 220 I=1.8

00 220 J=1,5

DO 220 K=)s2

FOLKM{ LoJ oK) =FOLKS(TsJ9sK)
EQUIM(IsJsK)=EQUIP(T9JsK)
FACIM(I9J,K)=FACIL(TsJyK)
CONTINUE

RAID=SAVRAID

THE MOST COST EFFECTIVE SYSTEM IS
IF («NOT.COSTS) GO 70 10

1170204777707 7272727277777777772777
/ PRINT MINIMUM COST RESULTS /7
L1277 27270720707727772077277227727277

CONT INUE

IF (PRTOFF) GO TQ 270

FRINT 520, TITLEsTOOAYCLOCK(ST(I)sI=1s10)

NOL=ST(10)

PRINT S30

PRINT G404 FOLKM(1o191)oFOLKM(19192)9EQUIM(1s191)sFOUIM(1,1+2)9FOL
IKM(102e1) 4 FOLKM(19242) +FQUIM(19251) +EQUIM(142+2) 3EQUIM(1+341)+EQUI
2H{1+392)sCLS

PRINT S50, FOLKM(29191)sFOLKMI24142)2EQUIMI29191)+EQUIMI2,1+2)sFOL
IKM(242+1) yFOLKM(292+2) sEQUIM (29291} +EQUIM(242+2) yEQUIM(24341) 2£QUI
2M(2+3+2)sCRS

PRINT S60¢ FOLKMI(34191)sFOLKM(391+2)+EQUIM(341+1),EQUIM{I5192)FAC
1IME39191) yFACIM(39192) oFOLKM(3+29]1) +FOLKM(34292) yEQUIM(3+24+1)EQUL
2M(3+292)+CMS

PRINT S70, FOLKM(4919]1)sFOLKM(441+2)9EQUIMIG,141)+EQUTIM(44142)4FAC
LIM(Gelal) oFACIM(G0]142) sCSSWFACIM{L4291)+FACIM(442,2)

PRINT 580, FOLKM(Ss191)sFOLKM(S3192) +EQUINMISe) 1) +EQUINM(Se1+2)9FAC
1IM(Se1¢1),FACIM(Se1,2)sC0OG :
PRINT 590y FOLKM(69191)+FOLKM(Ay]192) 9sFACIM(691+1)sFACIM(69142)9FAC
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270

280

290

300

310

320

330

340

1IM(69251)4,FACIM(642,2)

PRIMT A00¢ FOLKM(T4lo1)aFOLXMIT192)+EGUIM(T9191),EQUIM(T79192)sFAC
LIM(To101) o FACIM(7e1¢2) oFOLKM(T929)) +FOLKM(79242),EQUIM{T+241)+€QUIT
2M(792+2)5CT3

PRINT 610, EQUIM{B414+1)EQUIM(84192)2EQUIM(8+2+2)+ECUIM(893+2)9EQU
1IM(By442) ,EQUIM{(8,+5,42)

CONTIMUE

COMPUTE TOTALS

NPERS3PERSC=0.0

DO 280 [=1.8

DO 280 J=1,+5
NPERS=NPERS+FOLKM(I,Jd91)
PERSC=PERSC+fOLKM(I+Js2)

EQUPC=0.0

00 290 1=1,8

00 290 J=1,S
EQUPC=EQUPCEQUIMITJ»2) -
EQUPC=ERAYAC+CLS+CRS4CS5+COL+CT3+CM
FACLC=040

00 300 I=1,8

DO 300 J=1.S
FACLC=FACLC+FACIM(14Jy2)
TOTAL=PERSC+EQUPC+FACLC

IF (PRTOFF) GO TO 310

PRINT S10. NPERSsPERSCIEQUPC4FACLC,TOTAL
CONTIMUE

IF (NOT.PRTOFF) GO TO 320
ST(11=TOTAL

ST(2)=F0/RHO

IF (TYPELFQ.2) ST(2)=(EQ*D)/AN0
ST(3)=TOTAL®*RMO/EOD

IF (TYPE.FQ.2) ST(3)=TOTAL®RHO/ (EO*D)
ST(4)=E0 .

IF (TYPE.£Q.2) ST(4)=€0%0

ST (S)=RHO

ST(6)=1.0-PSS

ST(7)=TOTAL *RHO

PRINT 630, (ST(1)sl=lsT)

CONTINUE )

END INMER LOOP K1
CONTINUE

END QUTER LOOP K2
CONT INVE

IF (CHGD) DS=DSAVE
GO TO 10
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350 FORMAT (1H19T1098A1N0sTYI0N«SHOATE9A10+5XsSHTIMEyA10/16H=SORTIE RA
1TE 1S «F7.,4414H SORTIES / DAY///)

360 FORMAT (G3IHIMAX RAID LAUNCH PATE EXCEEDS OL CAPABILITYsTS0s9HSLRMA
IX = oFR.2/TSOsIHMLOL = '1F8.2)

370 FORMAT (25H THIS IS A STRIKE MISSION///)

380 FORMAT (21H TARGETS TO BE XILLEDsT30+F10.0//1SH NUMBER OF DAYS+T30
19F10.0//725H SORTIFE RATE, SORTIES/DAYs»TI0,F11.1//22H4 PROBABILITY OF
2 LAUNCHsT309F13.3//724H PRORARILITY OF SURVIVALT30.F13.3/712H INGR
3ESS PS19T30eF13.3//29H OVERALL SURVIVAL PRNBABILITY.T30,F13.3//20H
4 TARGET KILLS/SORTIFsTA0sF12.2//720 RAID SIZEs VERICLEST30sF10.0/
5/)

390 FORMAT (T]1043HPOKsT20sF8.6/T10¢SHPSTRS+T20+FBe6/T10,6HPSTRSD»T20F
18.6/T10+7THPSTRSDSsT20+F846/T10y THPSRSNNST204FR6/T10+SHPLSNST20
2FR,6/T10+6HLAMDAIT204FR.6/T1012HSLsT15+FRL1/)

400 FORMAT (27H MAXIMUM RETRIEVAL RATEST30+F12.2//726H CRITICAL RETRIEV
1AL RATET30+F12.2)

410 FORMAT. (1H1)

420 FORMAT (1H19T1092A10+T100+SHOATE:9A10+sSXeSHTIME:,A]10/25H=~FOR A RET
IREIVAL RATF OF +F3,2/7)

430 FORMAT (1H19T10+8A10+4T100+SHOATES9A10+sSXsSHTIME:,A10/25H~FOR A RET
IRIEVAL RATE OF +F83.2410%X943H( ( ( CRITICA AL RATE
2) Y W)

440 FORMAT (T10sSHNYT =4F9.0sT30,5HNVS =3FG.0+1TS5Q0+SHNVR =4F9,0/T1095HS
ILR =eF13.49T3097THSLAVG =97F11,49T50s THSLMAX =sF11.4)

450 FORMAT (24H THIS IS A RECCE MISSION///)

460 FORMAT "(19H TARGETS FOR RECCEsT30+F10.0//15H NUMRER OF DAYSsT30,F1
10.0//725H SORTIE RATFs SORTIES/UAYsT30+F11e1//22H PROBABILITY OF LA
2UNCHsT305F13.3//724H PRNOBABILITY OF SURVIVAL+T30sF123,3//12H INGRESS
3 PS1+TI09F13.3//29H OVERALL SURVIVAL PROBABILITY,TINSF13.3//724H TA
4RGETS ACONIRED/SORTIEST309712.2/720H RAID SIZEs VEHICLEST309F10.0
577)

470 FORMAT (26H CRITICAL RETRIEVAL RATET30+F12.2)

480 FORMAT (T10s63H(NVT, SLRsy SLAVGe AND SLMAX ARE CONSTANT FOR THE RE
1CCE MISSIQN))

490 FNRMAT (3gH THIS IS A DEFENSE SUPPRESSION MISSION///)

500 FORMAT (22H THIS IS AN EW MISSION///)

510 FORMAT (1x913S(1H=)/31H %% TNATALS FOR ENTIRE SYSTEM ##,T364FT7.0+F1
12.29T785F16.29T1199F16,2//726K ## TOTAL SYSTEM COST #%,737+F1642)

520 FORMAT (1H1sT10sRAL0+T100+SHDATFS9A10»SX+SHTIME W A1Q/37H=THE MOST
1COST - EFFECTIVE OPTION IS://TS,16HITFRATION NUMBER,T42+F4,0/T5+10
2HTOTAL COST+T33¢F15.2/75+26HSTORAGE RFMOVAL RATE = nNNSsT4lsF6.1/TS
3s20HTOTAL VEHICLES = NVT1T38.F8.0/TS«30ANUMBER OF READY VEHICLES -
4 NYR3TI89FB8.0/T5+3I1HNUMRER OF STOREN VEHICLES = NVS,T38+FB8,0/T75,31
SHMAX AVERAGE SORTIF RATE = SLAVGTIB+F9,1/TS9s27HMAXMUM SORTIE RAT
6E = SLMAX,T3AeF9.1/T5+22HRAIN SORTIE RATE = SLRsTIRFI,1/T59321NO,
7 OF OPERATING LOCATTIONS = NOLsT4l+FS.0)

S30 FORMAT (/T17+,38HPERSONNFL REQUIREMENTS FOR THIS OPTION.TS58,38HEQUI
YPMENT REQIIREMENTS FOR THIS OPTION.T99+37HFACILITY REQUIREMENTS FO
2R THIS OPTION/T17+3A(1H«)3TS58¢3R(1H=)+T99,38(1M=))
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S40 FORMAT (TH LAUNCHeT19+6HLAUNCHsTI7+F4.00F12,29T6049HLAUNCHERS»T78y
1F4,03F12.2/T13910%LAUNCH CONTROL 9 TI7+F4.09F12.29T60+)1YHACCESSORIES
29T 79e¢Fbe04F1242/TAQ«12HMOBTILE EQUIPCTTR4FG.0+F12.2/TH0+7HRNT + E4T
382,F12.2)

550 FORMAT (9HORECOVERY sT19,8HRECOVERY ¢ T379F440+F12.2+1T60914HRECOVERY
1AREAS s T7BF4,09F12.2/T199 16HRECOVERY CONTROL s T374F6.0eF12.21T60011
2HACCESSORTES s TTByF 4. 09F122/T60512HMOBILE EQUIPsyTT78,F40,F12.,2/T60
39 7THRDT » E+TR2,F12.2)

560 FORMAT (12HOMAINTENANCE ¢T19¢9HPERSONNEL s T3S 3F6¢04F 12297604 16HTURN
1AROUND EQUIPsTT78sF4.0+F12.2¢T101+1SHMAINT BUILDINGS,T119¢F4.0sF12.
22/T19+11HREPAIR PERS+TIT9F6e09F12:2+TE0s12HREPATIR FAUIPeTTBFL 0 F
312.2/TAQ+7HROT + E2T7A2,F12,2)

S70 FORMAT (8HNSTORAGEsT19+9HPERSONNEL +T375F440+F 12,2760+ 14HHANDLING
1EQUIP s T78,F0.09F12.2,T101,12HCOLD STORAGE s T11A4F7.0,F12.2/T60+7HRD
2T + E2T782¢F12e2+T101+13HREADY STORAGE+T116+F7.04F12,2) :

S80 FORMAT (11HOOPERATICNSyT19,9HPERSONMEL 9T374F440+F12,2+T60913HCONTR
10L EQUIPyTTBWF4e0+F12+29T101,16HCONTROL FACILITYST119sF4.04F12.2/7
2609 THROT o E+T82sF12.2)

590 FORMAT (11HOOL STARTUP,T19,8HSECURITY s T379F4e0sF12.29T101914HMISS.
1 FAC STOR,T113sF10.09F12:2/T101+18HINITIAL ACTIVATION«T1194F4.0+F1
22,.2) :

600 FORMAT (9NQTRAININGsT19s11KHINSTRUCTORS s T37+¢F4409F12,2576091JHSPEC]
1AL EQUTPeTT78sF4.09F12.29T101417THTRATINING LOCATIONSTI194Fa.0eF12.2/
2T19+8HTRAINEES s TIS+FAh0sF12.29T60s 1 THTRAINING VEHICLESsTT745F8.0Q5F1
32277609 THRDT + EsTR2¢F12.2)

610 FORMAT (SHOVEHICLES+T60+11HACQUISITIONST743FBe09F12,2/T56096HSPARES
LeTROeFl4.2/TEQsTHROT + E4TROFl442/T760510HRECOVERARLE PAYLOADT80
2F1442/7760,18HEXPENDABLE PAYLOADT80+F14.2)

520 FORMAT (//T16+4HCOST T4} s6HEQ/RHOsTSRyAHC RHO/EOQsTT7092HEN»T87 ¢ 3HRH
10sT102,4HATTRIT116+5HR RHO)

630 FORMAT (T10sF12e629T35¢F 12e39T509F1263+1T659F1242¢T80+F12.29T795+F12,
13sT110.F12.2)

640 FORMAT (/T10+s14H OUTER LOOP D=+F10.1)

650 FORMAT (/T10,15H QUTER L0OOP DS=2eF1G.1)

660 FORMAT (/T10s16H QUTER LLOOP RHO=+F10,.,2)

670 FORMAT (/T10,1S5H OQUTER LOOP €0=4F10.1)

680 FORMAT (/T10s10H QUTER LOOP A=4F10.3)

END

65
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SUARQUTINE INPUT

COMMON /CHANGE/ NOSVARYD(S()) «MIsVARY (S0)

COMMON /INPUTS/ TYPF4EOQOeDyNSeRHOSRAIDIRSsTO9TSsTMeTMASS M

ILOL sMINL oNUML(T) 9PRPLSPCyPSSsTPS«DUM2(15) 4CL1+CL2.CL3oCL

2431 CLS aMLCyNDOTLCINLCC/NNOTLCCrLDOTE sNLS s MHE 4 DUM3 (3) yCR19CR2+CR
339sCR49CRS 4NRCINDOTRCsNRCCINDOTRCCo+RNOTE s MRS ¢y MRE s DUM4 (3) 9CO19CO

62 ¢NOCINDOTOC»TCyCO3+0D0TE yODOTF +COG 4 DUNS (1) yCMY 9y CM2,CM3 9y CML 9 NMCyN
SOOTMC INTRNRE ¢sNRF s RMR+NMCR ¢NNOTMCR ¢ CMS o DUME (T) 9CS1+S29CS3+CS4y
ONSCsNDOTSCsCSSeDUMT (3) o CI1,CI29CIIsNSECIMLRSIDUMBI(S) s CT19CT29RASPT
ToPLOTTINEX] 9 TCYCLE+CT3sNDUMS(6) 9CV1sCV2eCVIICVL4CVS,GAMMALDUMLO0(4)
COMMON /RFSULT/ FOLKS(8:592)yEQUIP(B45+2)+FACIL(895.2)

COMMON /HEADER/ TITLE(R)»TNDAY»CLOCK,,ITERS

COMMON /SWITCH/ PRINTsCOSTS+1DFBUGINATI +»CHGN s CHGDS+ CHOGRHO 2 CHGEOQ s CHG
1APRTOFFs00900Ss0RM0OsOF09s0As 10+ IDSy IRHOYIEQ,IA

LOGICAL ONsOLSsORHO40EQ+0ALINYINSs IRHOSIEDSIA

LOGICAL PRIMT+COSTS.DERUG,DATI

LOGICAL CHGDyCHGDS s CHGRHO 4 CHGEQ yCHGAYPRTOFF

DIMENSION VAR(145), MAMES(14S)s FLAG(145)

EQUIVALENCE (VAR(1),TYPE)

MISSION REQUIREMENTS

DATA (NAMES(I)9I=1+20)/4HTYPE+2HEQ41HD2HDS s 3HRHO+4HRATD,2HRS y

12MTO092HTS s 2HTM s SHTMASS o 4HMI OL s GHMINL » 7# THSUNUSED/

PROBABILITIES
OATA (NAMES(I):1=21,40)/2HPR,3HPLS,2HPC+3HPSS+3HTPS.15%7THSUNUSED/
LAUNCH CNST COEFFICIENTS

OATA (NAMES(I) s 1241,55)/3HCL1»3IHCL2+IHCL I+ IHCLO 9 JHCLS » IHNLC 9 HHNDOT
ILCo4MNLCC o 7HMDOTLCC, SHLDOTE s 3HNLS 9 JHMHE ¢ 32 THSUNUSED/

RECOVERY COST COEFFICIENTS

BATA (NAMES(1),y[=5A470)/73HCR1 yIHCR243IHCR3»3HCREG 9 IHCRS 9 IHMRCy 6HNDOT
IRC44HMNRCC THNDOTRCC « SHRDOTE » IHNRS » JHMRE 9 33 7THEUNUSED/

OPERATIONS COST COEFFICIENTS

OATA (NAMES(I)sI=71480)/3HC0O1+3IHCO253IHNOCSHNDOGTOC,2HTC»3HCOI+SHOD
LOTE + SHODOTF » IHCO4 ¢ THSUNUSED/

MAINTENANCE COST COFFFICIENTS

0ATA (NAMFS(I)ol=81qlOO)/?HC@l-BHCMZ;JFCH3~JHCMAvJHNHC’éHNDOTMCo3H
INTR«3HMRE ¢ JHNRF 9 JHRMR y 4 HNMCR » THNOQTMCR ¢ JHCM5 2 77 THSUNUSED/

STORAGE CnST COEFFICIENTS
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DATA (NAMES(I)s1=1014110)/3HCS1+3IHCS2+IHCSI s IHCSL+IHNST»6HNDOTSCH3
1HCSS » 32 7THFUNUSED/

INITIAL STARTUP COST COEFFICIENTS

OATA (NAMES(I)sI=111+120)/3HCI193HCI2sIHCII+4HNSEC,4HMLBS 9 S#THSUNU
1SED/

TRAINING COST COEFFICIENTS

DATA (NANES(I)918121ql35)/3HéTl'JHCszzHﬂquHPTo2NPLs2HTT¢4HNEXI16
INTCYCLE » 3HCTI 96 #7HSUNUSED/

VERICLE COST COEFFICIENTS

DATA (NAMESI(I)sI=138+145)/3HCV] +IHCV2sIHCVI¢3HCVA 9 IHCVS sSHGAMMA 4
L7HSUNUSED/

DATA FLAG/145%]1H</,VAR/14540,0/

DATA PRINT+COSTS+OFRUGDAT] sCHGD 9 CHGDS « CHGRHO s CHGEQ «CHGA+PRTOFF /LT
JRUE 29 e TRUE «9eFALSE 0 9o TRUE 4 9 e FALSE 29 e FALSE a9 sFALSE o9 JFALSE a9 o FALSE
2’ .FALSE./

DATA ODsONSsORHOIOEOC1OA2IDeIDSYIRHO W IEQeIA/ JFALSE s FALSE w9 +FALSE,
19 oFALSE 09 FALSE 0 9 e FALSE ¢ 1 e FALSE a2 o FALSE s« FALSE s+ FALSE S/

DATA TITLE/8#*1H /

I1STOP=)

PRINT 340

CALL DATE (TODAY)

CALL TIME (CLOCK)

N0 10 I=1,145

IF (FLAG(T).EQ.lHe) FLAG(I)=IH

READ 350+ NAME,OATA

IF (NAME.FQ.10HENDJOB

[F (NAME.FQ,10H

IF (NAME.€Q.10HPRINT

IF (NAME,.£Q,10HNOPRINT

[F (NAME,.£Q,.10HCOSTS

IF (NAME,£0,.10HDATA

IF (NAME,.FQ.10HNODATA 50 TO 110

IF (NAMELEN,10HNOCOSTS Go TO 70

) STOP

)

)

)

)

)

)

)
IF (NAME.EQ.10HDERUR ) GO TH 80

)

)

)

)

)

)

)

)

)

60 70 20
60 TO 40
GO TO S0
Go TO 60
Gn TO 100

1F (NAME £, 10HNODERUG 60 TO 90
IF (NAME.EQ.1O0HTITLE G0 T0 120
IF {NAME.FN.10HENDCASE 60 TO 290
IF (NAME.F0.10MCHGD G0 TO 140
IF (NAME.FQ.10HCONSTD G0 TO 140
IF (NAME.FNR,10HCHGDS GO TO 160
IF (NAME,.£R,10HCONSTNS 50 TO 160
IF INAME.F0Q.]10HCHGRNO 50 TO 1A0
IF (NAME.£71.10HCONSTRHO 50 T0O 180




34

40
S0
60
70
80
90
100
110
120
130
140

150

160

170

IF (NAME.FQ41QHCHGEN Yy G0 TOo 200
IF (NAME.FQ.,10HCONSTEQ * } GO TO 200
IF (NAME.EQ.10HCHGA )y 6n TO 220
IF (NAME.£Q.10HCONSTA Yy 60 To 220
IF (NAME.EQJ10HPRINTOFF ) GO T0O 230
IF (NAME.EQ.10HPRINTON ) Go To 240
00 30 I=1,145 ‘

IF (NAME ,ENQ.NAMES (1)) GO TO 280
CONTINUE

PRINT 1360, ISTOPINAME,DATA

PRIMT 370

ISTOP=0

GO YO 20
PRINT=,TRHE

GO TO 20
PRINT=.FALSE.

GO Ta 20
COSTS=.TRUE.

G0 T0 20
COSTS=,FALSE,

GO TO 20
OERAUG=,TRIE,

GO TO 29
DEBUG=.FALSE

GO TO 20

DAT1=.TRUFE.

GO TO 20
DAT1=.FALSE.

GO TG 20

READ 3a0s TITLE

GO TO0 20

CHGD=,TRUE .

GO TO 250
CHGO=,FALSE .

IF (0D0) Nn=1

IF (ID) N1=1
0D=.FALSE.

ID= FALSE,

IF (NAMEJEQ.10HCHG
GO TO 20 .
CHGDS=,TRIIE.

GO TO 2so0
CHGDS=,FALSE.

IF (0DS) NO=]
00530FALSEQ

1IF (IDS) NI=]
IDS‘.FALSFQ

IF (NAME.£N.10HCHGOS
60 TO 20
CHGRHO=TRUE «

y Go To 130

} Gg TQ 1S¢
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A G0 TO 250
180 CHGRHO= .,FALSE.
1IF (ORHO) NO=1
ORHO=FALSE »
IF (IRFO) NIsl
IRHO=.FALSE .
IF (NAME,EQ.]10HCHGRHO ) 60 T0 180
‘ GO TO 20
190 CHGEO=.TRUE.
GO TO 250
200 CHGEQ=.FALSE.
1F (0EO0) nNO=1
0E030FAL5E0
IF (IE0) NI=1
1IEQ=.FALSF «
IF (NAME.EQ.10HCHGEOD ) GO TO 190
1 GO TO 20
* 210 CHNGA=.TRUE.
GO TO 250
- 220 CHGA=.FALSE.,
b IF (0A) NoO=1
b OA=,FALSE,
» IF (1a) NI=1
IA=.FALSE.
= IF (NAME,ER.10HCHGA ) Go TO 210
; GO TO 20
£ 230 PRTOFF=,TRUE.
GO TO 20
240 PRYOFF=,.FALSE.
| G0 TO 20
250 READ 3505 NAME,DATA
IF (NAME.FQ.]10HOUTER ) 60 TO 260
IF (NAME.EQ.10HINNER ) Ga TO 270
PRINT 390, NAME
P 1STOP=0 '

—

GO TO 20
} 260 CONTINUE :
NO=DATA

1.7 (CHGDANDG+NOT.ID) OD=,TRUE,

IF (CHGDS AND4 NQT.INS) 0ONSs=,TRUE.
IF (CHGRHN,AMD 4 «NOT,.IRHO) ORHO=,TRUE. (
IF (CHGENANDeNQOT.IED) 0OEQ=,TRUE,. 4
IF (CHGAoAND..NOT.IA) 0A=.T9UEO 13
READ 400y (VARYO(T),1=1sNO) i
PRINT 410, (VARYO(IVeI=1sNQ)
GO T0 20 . i

270 CONTINUE :
NI=DATA . R
IF (CHGDAND.«NOT,ONY 10=,TRYE.
IF (CHGDS AND« «NOT.0DS) 1DS=.TRUE.
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IF (CHGRHO.AND..NOT,0RHO) IRHO=,TRUE.
F IF (CHGEQ.AND..NOT.0£0) IEO=,TRUE,
IF (CHEALAND S NOT . 0A) 1A= ,TRUE,
READ 400y (VARY({I),1=1,NI)
PRINT 420, (VARY(1),1=]1,N])
GO TQ 20
280 VAR {1)=DaTA
FLAG(I) =Ko
GO TO 20
290 IF (L NQT.NAT1) GO TO 300
PRINT 430, TITLE,»TONAY,CLOCK
PRINT 6440 .
PRINT S50, (FLAG(I)NAMES(I),VAR(I)sI=]1,13)
PRINT 450 .
PRINT SS0, (FLAG(I)SNAMES(I),VAR(I)+I=21,25)
PRINT 460
PRINT SS0, (FLAG(I)NAMES(I)VAR(I)sI=41+52)
PRINT 470
PRINT 550, (FLAG(I) ,NAMES (1) 4VAR(I)+1=56+67)
PRINT 480 :
. PRINT 550, (FLAG(I),NAMESI(1)4VAR(I)»1=71,79) ,
PRINT 490
PRINT 550, (FLAG(I)+NAMES(I)«VAR(I)+»1=81.93)
PRINT 500
PRINT 550, (FLAG(I)NAMES(I),VAR(I}+1=101+107)
PRINT =10
PRINT S50, (FLAG(I)JNAMES(I),VARII)+I=111+115)
PRINT S20
PRINT S50, (FLAG(I) NAHMES(I),VAR{I}sI=1215129)
PRINT 530
PRINT S50, (FLAG(I)«NAMES(1)sVAR(I)sI=1364141)
300 DO 310 [=},8
D0 310 J=1,5 '
DO 310 K=1,2 :
310 FOLKS(1sJdyK}=€QUIP (T4 JsK)=FACIL(T+J9K1I=30.0 :
IF (ISTOP,EC.0) GO TO 330 i
IF (DAT1) RETURN j
DO 320 I=1,145 1
IF (FLAG({[)+EQelHm) PRINT 5S40+ NAMES(I)4VAR(1)
320 CONTINUE .
RETURN . i
330 CONTINUE , i
PRINT S60 t
STOP #- [NPUT ERRORSZ !

340 FORMAT (1HD)

350 FORMAT (A10+€20.8)

360 FORMAT (T11,9X9A10+SX9F10.3) ' 3
370 FORMAT (1H+9T40s46H%*%s  VARTABLE NAME IS NOT IN NDICTIONARY #oas) 3
380 FORMAT (8a10)




‘390 FORMAT (T10+A105T25+33HIS NOT INNER OR QUTER INPUT £RROR)

400 FORMAT (8F10.0) .

410 FORMAT (T10+24HOUTER LOOP VALUES VARIED/(AF12.3))

420 FORMAT (T10+20HINNER LOOP VALUES VARIED/(8F12.3))

430 FORMAT (1H1+T1098ALNsT100+SHNATE2+AL09SX«SHTIMEI,A10/2THOVALUES FO
1R INPUT VARJABLES+T40s51He INOICATES THE VARIABLE wAS CEFINED FOR
2 THIS CASF/T40+38H< INDICATES THE VARIABLE IS UNDEFINED)

440 FORMAT (33HOMISSION PEQUIREMENTS/CONSTRAINTS)

450 FORMAT {14HOPROBABILITIES)

460 FORMAT (25HOLAUNCH COST CORFFICIENTS)

670 FORMAT (27HORECOVERY COST COEFFICIENTS)

480 FORMAT (29HOOPERATIONS r£OST COEFFICIENTS)

490 FORMAT (J30+OMAINTEMANCE COST COEFFICIENTS)

S00 FOPMAT (2AHOSTORAGE COST COEFFICIENTS)

S10 FORMAT (34HOINITIAL STARTUP rOSYT COEFFICIENTS)

520 FORMAT (27HOTRAINIMG COST COEFFICIENTS)

530 FORMAT (26HOVEHICLE COST CCEFFICIENTS)

540 FORMAT (T10+A10+F10,.3)

550 FORMAT (4X3A29A109F10e3+415X9A29A10+4F10e3915X9A254104F10,391SXsA25A
110.F10.)

S60 FORMAT (16HOERRORS IN INPUT)
ENO :

[ 20 %4
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SUBRCQUTINE COST (TOTAL)

THIS RNUTINE CALCULATES THE SYSTEM COST BASED ON THE REQUIRED
LAUNCH RATES AND NUMBRER OF VEHICLES~TOTAL+IN STORAGE AND READY

COSTS ARE DIVIDED INTO EIGHT TASX AREAS: LAUNCH, RECOVERYs
MAINTENANCEs STORAGFK., OPERATIONSs STARTUPs TRAININGs AND
VEHICLE ACQUISITION

RESULTS FROM THE COST EQUATIONS ARE PLACED IN THE ARRAYS
FOLKS(8+5+2) CERSONNEL REAQUIREMENTS
EQUIP(R+5+2) FQUIPMENT REQUIRFEMENTS
FACIL(8+592) FACILITIES REQUIREMENTS

THE SUBSCRIPTS FOR THESE ARRAYS ARE ARRANGED AS FOLLOWS:
ARRAY {TASKsSUBTASKsUNITS) s WHERE
TASK = 1 LAUNCH
2 RECOVERY
3 MAINTENANCE
4 STORAGE
S OPERATIONS
6 OPERATING LOCATION STARTUP
7 TRAINING
8 VEHICLE ACQUISITION

SURTASK = 14N FOR THE SUB=PORTIONS nF THE
COST ESTIMATING RELATIONSHIP

NUMBER REQUIRED

UNITS = 1
2 CoSsT

IMPLICITREAL (LoMoN)

COMMON /IMNPUTS/ TYPESEO,D9NS+RHOIRATDIRS+TO«T3sTHs TMASS oM
ILOLsMINL o NUML (7) yPR,PLSIPC PSS+ TPS,DUM2(1S)4CLTsCL2,CL3sCL
249CLSoNLCyNDOTLCoNLCCoNDOTLCC +LDOTE «NLS9MHE yDUM3 (3) 4CR1CR2+CR
339CR4+CRS4yNRCINDOTRCINRCC o NDOTRCCIRDOTE s NRS¢MRE yDUM4 (3) 9CO14+CO
42 yNOCeNNDOTOCoTC+COISO0OTESODNTF yCOL e NUMS (1) sCM] sCM23CMI 9 CMOINHCHN
SOOTMC+NTR¢NRE yNRF s RMR s NMCR ¢ NDOTMCR ¢ CMS o DIME (7) 1 CS1+CS29CS32CS4%
ONSCINDOTSCICSSsOUMT (3)9C114sCI2yCI3 MSECIMLBSIDUMR(S) 9CT1eCT2sRAHPT
TePLsTTeNEX19TCYCLESCTI4DUMA(6) 9CV12CV24CV34CV44CVSGAMMALDUMIO (4)

COMMON /WORKER/ PCl+PS1+PSTeONSyNVRINVSINVTsSLAVGeSLMAX+SLRINO
1L LAMDA S« SLRMAX :

COMMON /RFSULT/ FOLKS(8+5+2) sEQUIP(R+592)+FACIL(8+5,2)

COMMON /HEADER/ TITLE(8)sTODAY»CLOCK ITERS

COMMON /SWITCH/ PRINT+COSTSsNEBUGINATY +CHGD 9 CHGDS 9 CHGRHO » CHGEQ 9 CHG
1A+PRTOFF 40D +ODSI1ORHOSOF090A«TDe IDSy IRHO Y TEQ IA

LOGICAL 0ONsODS»ORHOSOFED40A«IN IDSy IRHOSIEQYIA

LOGICAL PRINT,COSTS,DERUGSNATI
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OO0

OO0

o000 [3XsXe Xz Xg]

(g XeXa) OO0

OO0

10

20

LOGICAL CHGDyCHGOS 9 CHGRHO s CHGEO »CHGASPRTOFF
INTEGER NoOL '
ROUNC (ARG) =AINT (ARG +0¢99999999999999)

CALCULATE NUMBER OF OPERATING LOCATION REQUIRED
MLOL = MAXIMUM LAUNCH RATE PFR OPERATING LOCATION
NOL = NUMBER OF OPERATING LOCATION

NOL =MAX 1 {ROUND (SLAVS/ (TO#MLOL) ) »MINL)
IF (PRINT) PRINT 90, NOL

COMPUTE THE NUMBFER OF SHIFTS

SAVESLX3S|MAX

SSLMAX=SLAVG/ (TO#NOL)

SLMAX=SLAVG

IF (SLRMAXGT.SSLMAX) SLMAX=SLR®#NOL
IF (PRINT) PRINT 100+ SLRMAX,SSLMAX9sSLMAX
S=T0/TS

S=AMAX1(1,+S)

SMaTM/TS

IF (SLPMAX.GT.SSLMAX) 10420

TIME= (SLAVGRTMASS/ (NOL#RATIN))
S=AMAX1 (1, TIME/TS)

IF (PRINT) PRINT 110s» TIME,TS»S
CONTINUE

1777772/ 2727227/7777
/ LAUNCH COSTS 7/
1747177277 7777/07777
DLaSLMAX/ (TO#NOL)
LAUNCHERS

EQUIP(1+1,1)=ROUNO(DOL/LDOTE)}
EQUIP(151,2)2CL22EQUIP(191,41])

LAUNCH PERSONNEL

FOLKS(191,1)=2S*ROUND (NLC*OL/NDOTLC)
FOLKS(19142)=CL1AFOLKS(1+141)

LAUNCH CONTROL PERSONNEL

FOLKS(192,1)=5S#ROUND (NLCC#DL/NDOTLCC)
FOLKS(152,2)=CL1%*FOLKS(1+241)

LAUNCHER ACCESSORIES
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OO0
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EQUIP(14+2,1)=ROUND(DL/ (NLS#LDOTE))
EQUIP(152,2)=CL3®EQUIR(1+2,1)

MOBILE LAINCH HANOLING EQUIPMENT
EQUIP (193« 1)=ROUND (DL /MHE)
EQUIP(2+2,1)=ROUND (DL/ (NRS*RNOTE))
EQUIP (193,2)3CL4®EQUIP(193,1)
1177777777777 72/777777

7 RECOVERY COSTS /
Iy

DL=SLMAX/ (TO®NOL)

RECOVERY AREAS

EQUIP (291 ,1) =ROUND (DL/ROOTE)
EQUIP(2,],2)=CR2%EQUIP (25141)
RECOVERY PERSONNEL

FOLKS(2+1,1)=S*ROUND (NRC#0L /NDGTRC)
FOLKS(291,2)=CR1#FOLKS (291,41}

RECOVERY CONTROL PERSONNEL

FOLKS{2+2,1)=S*ROUND (NRCC*0OL /NDOTRCC)
FOLKS(2+2,2)=2CR1%FOLKS(292¢1)

RECOVERY ACCESSORIES

EQUIP (2+241)=ROUND (DL/NRS)
EQUIP(252,2)=CRI®EQUIP(2+2,1)

MOATLE RECOVERY HANDLING EQUIPMENT

EQUIP(2+3,1)=ROUND(DL/MRE)
EQUIP(253.2)=CR4PEQUIP(2+3,1)

11770772777 72277772727777

/ MAINTENANCE COSTS /

1177777777277 77727777777
CALCULATE AVERAGE LAUNCH RATE

OL=SLAVG/ (TM#NOL)

MAINTENANCE PERSONNFL

FOLKS (39141 )=SM®ROUND (NMC®NL/NOOTMC)
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FOLKS (331,2)2CM13FOLKS (31,1)
FOLKS (392, 1) =SMPROUND (NMCR*DL #RMR/NDOTNCR)
FOLKS (3524+2) =FOLKS (39251) #CN1

MAINTENANCE FACILITIES AND EQUIPMENT

EQUIR(351.1)=ROUNG(DL/NTR)
EQUIP(3+2,1)=ROUND (DL/NRE)
EQUIP(3+1,2)=CMI*EQUIP(391,1)
EQUIP(3+2.2)=CMG*EQUIP (342,1)

FACIL(291,1)=ROUND(DL/NRF)
FACIL(91,2)=CM2*FACIL(3s1,1)

1117077777277 /77¢727
/ STORAGE COSTS /
L1117 272777777772777
NDOTS=0NS/ (NOL#TM)

STORAGE PERSONNEL

FOLKS(491.1)=RQUND (SM*ROUND (NSC#NDOTS/NDOTSC) )

FOLKS (491 42)=CS1#FO0LKS(491y1)
STORAGE EQUIPMENT

EQUIP(441,1)=ROUND (NDOTS/NDOTSC)
EQUIP(441,2)=CS4*EQUTIP (4s1,4])

STORAGF FaACILITIES

FACIL (49141)3NVS/NQL
FACIL{491,2)=CS2%FACIL (451,1)
FACIL(492,1)=NVR/NOL
FACIL(442,2)Y=CS3#FACIL(4y2,]1)
LI177777702777774777777

/ OPERATIONS COSTS /
1117072707172/ 77777777
DL=SLMAX/ (TO#NOL)

OPERATIONS PERSONNEL

FOLKS(S51,1)=S*ROUNN(NOC*DOL*TC/NDOTOC)
FOLKS(S91,2)=CO1*FOLKS(Se1s1)

OPERATIONS EQUIPMENT
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[« X2 X2 ]

[3¥2 X1

2 X2 X2 Xs X2 X2 X2 X2

aan

(2 X N3]

f el D

EQUIP{Ss1,1)=ROUND(DL/0DOTE)
EQUIP{5+1,2)=CO3*EQUIP(Ss1,4])

OPERATIONS FACILITIES

FACIL(Ss1,41)=ROUND(DL/0DATF?}
FACIL(Ss1,2)=C02%FACIL(Ss1,1)

1777/1272727/72/777/727277
/ OL STARTUP COSTS /
1107727772 27/72777777777
SECURITY PERSONNEL

FOLKS(691,1)aNSEC
FOLKS(£91,2)=CT12F0LKS(69141)

STORAGE FACILITIES

FACIL(601,1)=MLBS®*SL/1.0E6
FACIL(691,2)=CI2#FACIL(6+1,1)

STARTUP

FACIL(6+2,1)=1.0
FACIL(6+2,2)=CI3®*FACIL(6+2,1)

AL fISISY Y

/ TRAINING COSTS /
L7/7070722777277/777

NOTEt THE COST OF TRAINING VEHICLES IS NOT COMPUTED
UNTIL THE UNIT VEHICLE COST IS KNOWN.

NPT=2FOLKS(1sls1) +FOLKS(19291)+FOLKS(29191)+FOLKS(29291)+FOLKS (391

11)+FOLKS(Sel91)+FOLKS(491el)
NPT=NPT#NOL/TCYCLE
FRACSAMINI(1.0sPTENOL/TCYCLE)
IF (DEBUG) PRINT 120, FRAC

INSTRUCTORS

FOLKS(7+1.1)1=ROUND(QA*PTENPT)
FOLKS(79142)3CTI#FOLKS(79141)

TRAINEES

FOLKS(7+2,1)=ROUND(PTeNPT)
FOLKS(742.2)=CT2%FOLKSI79241)

e e e e
_ e
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Od ..

¥

OO0

OO0

OOO0OOOOO

A0 000 000 OO0

[z NeXa Xz X2l

TRAINING FACILITIES

FACIL(7s1,1)=140
FACIL(7+1,2)=FRACEFACIL(Sy152)

EQUIPMENT

EQUIP(7s1,1)=1.0

EQUIP(?!1.2)=FRAC’(EQUIP(11192)060Utp(l’292)'EQUIP(]’392)'EQUIP(2’
1152)+E0UIP(2+292) +EQUIP (24352} +EQUIP(391+2)) *FRACH (FQUIP (3+2+2) +EQ
2UIP(S+192))

TRAINING VEMICLES

TEMP=AMAX] (RATD»SLAVG/ (TO®NOL))
NTV=FRAC®TEMP/PR
NTVENTV® (1 .+10.*PLA*TTE#NEX])
EQUIP(T7+2,1)=NTV.

IF (DERUG) PRINT 130 NTV

277777007 2877027200077777747777

/ VEHWICLE ACQUISITION COSTS /
117777077272 272200777/7202027777
ACQUISITIOM

EQUIP(89141)=NVT
TEMP=CVI'(NVTONTV)#.(ALOG(GAMMA)’ALOG(Z.))
EQUIP (A9 1,2)=NVTTENP

COMPUTE COST OF TRAINING VEHICLES
EQUIP(752,2)=NTVSTEMP+CV2e#NTV

SPARES
EQUIP(8+2.,2)SCV2*EQUIP(811s1)
ROT + E

EQUIP(8+3,2)=CV3

PAYLOADS

EQUIP(8y4,2)=CV4®EQUIP(811,1)
EQUIP(A»5,2)=CVS#EQ/LAMDA

11177877 171777777777
/ PRINT QESULTS 7/
V224202448044 24844444
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IF (<NOT.PRINT) GO TO 40
PRINT 140, TITLEsTODAY.CLOCK,ITERS

PRINT 1S5S0
PRINT 160, FOLKS(14191),FOLKS(14142)9EQUIP(15151)FOUIP(1+1+2)sFOL

IKS (1921 ) eFOLKS(19242)2yE0UIP(19291)sEQUIP(1+9242),EQUIP(19341)sEQUI
2P(1+3+2)sCLS/NOL

PRINT 170, FOLKS(2019]1)FOLKS(25192)+ECQUIP(29191)4FQUIP(291+2)sFOL
I1KS(29241) FOLKS(242+2) sEQUIP(22291)+EQUIP(25242)4,EQ0UIP(2+3451)+EQUI
2P (2+3+2)sCRS/NOL

PRINT 180, FOLKS(3s141)4FOLKS(Ia192)9EQUIP(3e131)4EQUIP(39152)FAC
JIL(39191)oFACIL{D91+2)sFOLKS(39291)9F0LKS(39292),,ENUIP(3,251)9EQUT
2P (3¢292) s CMS/NOL

PRINT 190, FOLKS(4919]1) sFOLKS(44102) sEQUIP(49141)sFOUIP(441+2)+FAC
1IL(4914)) oFACIL (4914+2) yCSS/NOLFACTL(643251)4FACIL (4,242)

PRINT 200. FOLKS(Se191)+FOLKS(Ss192)9EQUIP(Ss191)+EQUIP(Se192)sFAC
TIL(Se1e1)4FACIL(Ss142)9COG/NOL

PRINT 210, FOLKS(6+151)yFOLKS(69192)sFACIL{69191)sFACIL(691+2)sFAC
1IL(69241) 4FACIL(64242)

PRINT TOTALS PER OPERATING LOCATION

PEPOL=0.
CPEPAOL =G,
CEQPOL=0.
CFACOL=0.
DO 30 I=1,6
00 30 uJ=1,S
PEPOL=PEPNL+FOLKS(I,J91)
CPEPQL=CPFPOL+FOLKS(1+4,2)
CEQPOL=CEQPOL+EQUIP(19J92)
CFACOL=CFACOL+FACIL(I+sJs2)
30 CONTINUE
PRINT 2640. PEPOLsCPFPOL,CEQPOLYCFACOL
PRINT 260, PEPOL®NOL +CPEPOL*NOL ,CEQPOL*NOL »CFACOL #MOL
PRINT 220+ FOLKS(731351)FOLKS(74192)9EQUIP(T7+141)4FNUIP(T91+2)+FAC
FIL(7910l) oFACIL(T9142) oFOLKS(79291)+FOLKS(7+2+2)4EQUIP(7,2+1)9EQUI

2P (7+2+2)+CT3/NOL
PRINT 230, EQUIP(89191)EQUIP(831+2)9ECUIP(8+292)+EQUIR(8+3+2)1EQU

1IP(8,442),EQUIP(845,2)

MULTIPLY RY NUMBER OF QPERATING LOCATIQONS

40 DO SO I=1,6
00 S0 .=1,5
00 50 x=1,2
FOLKS(T9JeK)=FOLKS(TeJsK)®*NOL
EQUIP(T»J K)=EQUTP (T 9JeK) *NOL
SO0 FACIL(TsJeK)I=FACIL(TsJsK)*NOL
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COMPUTE TOTALS

NPERS=PERSC=0.0
Do 60 1=1,A
00 0 J=1,S
NPERS=NPERS+FOLKS (I4Js1)
60 PERSC=PERSC+FOLKS(I,J402)
EQUPC=0,0
00 70 I=1,8
00 70 J=1,5
70 EQUPC=EQURC+EQUIPI(1+J92)
EQUPC=FAUPC+CLS5+CRS+CMF+CS5+C04+CT3
FACLC=0.0
DO 80 I=1,8
0Q 80 J=1,S
B0 FACLC=FACLC+FACIL(I,Js2)
TOTAL=PERSC+FQUPC+FACLC
IF (PRINT) PRINT 280+ NPERS,PERSCIEQUPC,FACLC,TOTAL
RESTORF SILMAX.
SLMAX=SAVESLX
RETURN

90 FORMAT (/T10+28HOPERATING LOCATIONS REQUIREDT40,15/)

100 FORMAT (T10,S2HLAUNCH RATE DETERMINED RY RAID SIZE (LAUNCHES/HR/OL
1)9T90+F10.1/T1081HLAUNCH RATE DETERMINED AY MAXIMUM SORTIES REQUI
2RED/DAY TO D0 JOB (LAUNCHES/MR/OL) +T91+F9.1 /T10+SOHMAXIMUM LAUNCH
3 RATE REQUIRED (LAUNCHES/DAY/SYSTEM)+TG0+F10.1/)

110 FORMAT (T10+27HHOURS/DAY BASE MUST OPERATENTSO0»F10.2/T10+23HSHIFT
LLENGTH (HRI=INPUT+T50+F10,2/T10+294NUMBER OF SHIFTS/DAY RESET TO»T
250,F10,.2)

120 FORMAT (6K FRAC=+F10.4)

130 FORMAT (5K MTV=4£10,3)

140 FORMAT (1H1sT1098A10+sT100+SHDATE4AL095XsSHTIME?,A10/T67,9HITERATI
10N, 15/}

150 FORMAT (/T720+32HPERSONNEL PER OPERATING LOCATIONATA)+32HEQUIPMENT
1PER OPERATING LOCATIONCT102+33HFACILITIES PER OPERATING LOCATION/T
218436 (1H=)9T59936(1H=)4sT100936(]1H=))

160 FORMAT (7H LAUNCHeT19+6HLAUNCHTI7+F0.09F12.2,T609IHLAUNCHERS»TT8
1F6.00F12.2/T195 14HLAUNCH CONTROLsT379F4409F12.29T60«11HACCESSORIES
29T789F6404F12e2/T60412HMOBILE EQUIPoT789F4e09F12.2/T60«7HRDT ¢ EsT
382,F12,2)

170 FORMAT (SHORECOVERY +T19+HHRECOVERY +T37sF4e09F12.24TA0+14HRECOVERY
1ARFASsT784F4.09F12.2/T19+16HRECOVERY CONTROL 9T374F4,0sF 12425760911
2HACCESSORIESsTT8eFL,0sF12.29/T760012HMOBILE FOUIP,T78+F4.0+F12.2/T6
30+ 7HRDT +» E4T82+F12,2)

180 FOPMAT (12HOMAINTENANCE s T19¢GHPERSONNFL ¢ T369FS5e0+F12¢29T60+16HTURN
1AROUND EQUIPsTTBIF4,09F12,2+T10191SHMAINT JUILDINGS«T1199F4e0+F12.
22/T195 1 1HREPAIR PERS»TI6+FSe01F12:29T60912HREPAIR FQUIPsTTIRFG.0sF
312,2/T€0+»7HRDT ¢ E£+T82+F12,2)

79
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190 FORMAT (8HOSTORAGEsT19s9HPERSONNEL +TI79F4404F12.29TA50+14HHANDLING
1EQUIPsTT784F4e04F12.2+T101512HCOLD STORAGEsT116+F7,0,F12.2/T60+THRD
2T & E5T782,F12.25sT101+13HREADY STORAGE,T116+F740+F12,2)

200 FORMAT (11HOOPERATTIONSsT19,9HPERSONNFL s T37+F4.,04F12,29»T€0913HCONTR
10L EQUIP s T784F4e09F12s2+sT101416HCONTROL FACILITYoT1199¢F6,0+F12.2/T
260,7HR0OT +» E+TR29F12.2)

210 FORMAT (11HOOL STARTUPsT19+8HSECURITY sT37+F4400F12.2+T101914HMISS,
1 FAC STORT1139F10405F12.2/T101918HINITTAL ACTIVATTIONST1199F4.04F1
22.2)

220 FORMAT (9HOTRAININGsT19,11HINSTRUCTORSsTI79F4.00F12,.2+T609¢]13HSPECI
1AL EQUIPsT7BeF4.09F12.2+T2AL3 1 THTRAIMING LOCATIONST119+F40sF12.2/
2T19+8HTRAINEES+TIS9F609F1229T60+17THTRAINING VEHICLES+T749F8.04F1
32.2/TS0+THRDT + E4T829F12,.2)

230 FORMAT (9HOVEHICLES+T60+11HACOUISITIONT74+F8.09F12,2/T6396HSPARES

1sT809F14.2/T60+7THRDT * EsTBO09F1442/T60,19MRECOVERABLE PAYLOAD» T80
2F164.2/1T60,18HEXPENDABLE PAYLOADT80,F14.2)

240 FORMAT (/20H #% TOTALS PER OL *#4T344F7.04F12.29T78,F16.29T119:F16
1.2) .

250 FORMAT (24H #% TOTALS FOR ALL OL ##9T34+F7.0+F12.2+T789F16.29T119s
1F16.2)

260 FORMAT (1x+135(1H=)/31H #% TOTALS FOR ENTIRE SYSTEM ##,T344F7.04F1
12.2+T789F16429T119+F16.,2//24H *% TOTAL SYSTEM COST ##4T37,F16.2)
ENC ’




